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PREFACE. 



Tm book ii more than ito title p«fe proclaime it to be : it it tke 
practical application of the Mathematical Sciences to Menaoration, to 
Land Snrvejring, to Leveling, and to Navigation. 

Nor 18 the work merelj practical. Elementarj prindplea are here 
and there brought before tiie mind in a new light ; and original inveati- 
gationa will be found in many parts of the work. To show the reader 
how a thing is to be done, is but a small part of the object sought to be 
obtained : the great stress is put upon the reowfu for so doing, which 
gives true discipline to the mind, and adda greatiy to the educational 
value of any book. 

We have illustrated the subject of logarithma, and their practical 
uses, the same in this book as is common to be found in other books, and 
this is sufficient for the common pupil, or the ordinary practical man, 
whether surveyor or navigator ; but in addition to this, we have carried 
logarithms -much further in this work than in any I have seen. I do 
not mean by this that we have more voluminous tablea than othera. 
Such is not the fact. 

Voluminous tabbies are not necessary for those who really understand 
the nature of logarithms, and such are mainly intended for those who 
are not expected to understand principles. To give a more practical 
illustration of logarithms, and to suggest artifices in using logarithms 
generally, we have f^ven Table III and its auxilliaries, on page 70 of 
tables, showing logarithms to twelve plaeee of decimals, a degree of 
accuracy which pracHee never demands. By the help of this table 
combined with a true knowledge of the subject, the logarithm of any 
number may be readily found true to ten plaoee of decimals, or, conversely 
the number corresponding to any given logarithm may be found to 
almost any degree of accuracy. 

Our Traverse Table is not so full as in some other books, but it 

1 I 1 Pfl'* 



T PREFACE. 

is full enough to answer every purpose ; and latitude and departnref 
eorresponding to any course and distance, can be found by it, provided 
the operator's good judgment is awake. Indeed a contracted table, in 
an educational point of view, is better than a full one ; for the former 
calls forth and cultivates tact in the student, but the latter is best for 
the unanimated plodder. 

In running lines, and computing the areas of surveys, we have 
endeavored to present the suiyect in such a manner that the reader must 
constantly keep Elementary C^emeliy im view, and the whole is so 
clear and simple, that many will think it unworthy of the rank that it 
seems to hold in the public estimation, but there are other reasons for 
this. 

The chapter on surveys and surveyors will be found to be a little 
peculiar, b«C Ae intwmclKMi th»s fiveB^ witt be Ughljr m^M W all 
those wiK>as«iaclined!takiiA «pe»msHv«y — a matheniitieil pjobisMb 
only. 

On the eompuM, wad the declinatioa ef the ■o c d to, we have b«en 
veiyMl: ^e subject emhfacsa mgiidia— umi asteoaDSMC al linea Awwra 
OB the earth. 

The maaaer is which we should proceed to nuke a survey* provided 
no such instrmnent as the eempaaa e»Blied» aoA there were no such 
thng as a magnetic needle, is taken up and Uhislnted i» Uus woik. 

The subject of dividing lands is fully discussed and illustrated, and 
if any erne has occasion to complain, of ssathemiiticil i^Mdrusity in this 
work, it will be found in thm conMctioB.; yei these is aothiag ha» 
above ^mentaiy alg^ra and geooMtiy. 

The method of taking lev^ and makuig a psoile of the vertboal 
section of a line ibr rail roads, is eel forth in thie work. The piofite 
shows the necessary escsvatioii or embankment, which it is neeessaiy 
to cut down or build up at any particular point,, to confomi to any 
peoposed grade tiiat may be contemplated. 

To determine die elevattom of any place above the level of the sea» 
by means of the barometer, has been, uid now is, a very interesting pn^ 
blem to aU phaloeophical students, yet veiy few of them have been able 
to comprehend it b^oad its first great principle, titoe variatioB of atmos- 
pheric pressure. To trace, or rather to discover the mathematical law 
which c<»inects the elevation of any locality with the mean hight of thfr 
barometer at the same place, has been an obsewe problem, and we have 
taken hold of it with a determinatfon to break open some afenoe o£ 
fight (if such were possible) by which tiie simpltdty of the pvc^lMm 
might be brought to the comprehension of the every-dsy sMitiMmatieal 
student, and we believe that we havesueeeededin the undertakinf . 
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The part on Navigation, might be regarded, at firat view, an abridg- 
ment of that subject, and in one aenae it ia, for we have studied to be 
as brief as possible, but we would never let brevity stand in the place of 
perspicuity; and however it may appear, we have given all the 
mathematical essentials of the subject, and whoever acquirea what ia 
here given, will find very little necessity of looking elsewhere for the 
continuation of the study, unless it is for tea tenm and seamanahip ; 
but these have nothing to do with Navigation as a science. Our method 
of working Ivnars is more brief tiuiB aay ether, where auzilliary Ublea 
and methods of approximation are not resorted to, but to attain this 
brevity, we have been compelled to use Natural Sines in part of the 
operation ; but on the «ther tend» Una nbcM be no objection, for it 
gives us a clearer view of the unity and harmony of the mathematical 
•ciencea. 



PBEFAOE TO THE rOUETH EDITION. 



For reasoQs :«rhich we have not here the Bpaee to exfAain, we have Choaglit 
best to reraosFe tibe matter between the 38d and 49d pages of the former edi- 
tioii8» to the last chapter in the book : to fill up that space with more sfanple 
and more practical matter, and to enrich the volume with additioDid pagea 
containing very choice miscellaneous matster. We .are iadaBed to i 
improvements, by the strong conviction that this work contains all the i 
tials of pc^ularity and pernnmeBcy. 

Objections have been made to the brevity of our traverse talkie, and at one 
time we thought of enlarging it — but on further relleetion, we c on cl nde d 
that this was a mere objection^ given out lor tim want ef « belter one. This 
is designed as an educational volume, and a properly educated person does 
not require a voluminous tcaveise table. Sueh tables are mostly intended 
for ihoee who do not pretend to uuderstand them^ and they an naiUy u s q nitud 
only for about one in a thousand of those who study this subjeet. The sur- 
veyor who is in constant practice, and such persons, have tables separate 
from all other matter, in such a form as to roll up and carry in the pocket 
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Bastef leieiice, and diodd fceNgpodadl M I 
andtE^onoaietij^aiid m Ak Ig^we AmB pwwiif flMBit»oiir 
readen. 
la ihk Toiimie we ahaB aol AtflMBilftirt^ gMHMlriBd Inte 

W6 Wno to VltKm WWItt IS WOBM JBOff rofBt) (XT flUlWW uEtCt CKIHOII" 

stnitioii b not readOy^ta be fonnd in the properjdaces, io the elemen- 
tSTf boolDs. 

It is expected that all readers of a worl of this kind, hare 
p rev i ously made themselTes more or less aecpxamted with Algebra 
and €^ome^, and where this is the case the reader will hare no 
difficulty ; and readers who are not ^ns prepared should be careful 
not to charge imaginary defects to the book : in no woik of this 
kind would H be proper to demonstrate every elera^stary prme^e. 
These remarks apply only to the edwtUiatml ekamder of the book. 

Preparatory to a course of practical mathematics, it is proper to 
give such descriptions of the instruments to be used as will enable 
the q>erator to understand thear use. But some of these instru- 
ments can neyer be understood from a hock, it must be fhnn the 
instrument itself ; we mnght as well attempt to gire a person, an idea 
of color by the means of language, as to gfre a person a cdrrjBct idea 
c^the sextant and tiieodolite by a mere book desciption. Itistrue 
we can do aomething by drawii^ and descriptions, and that some- 
thing we intend to do. 

To r^eaeat plane siuEiBces and teeusta of had on fsspetr no other 
instruments are necessary than the scale, and dividers, and a pro^ 

(9) 



10 SURVEYING. 

traetor to measure angles. In fiact, every tiling can be done wiUi 
the scale and dividers only — other instruments, as the protractor^ 
sector, and parallel rulers^only add to our convenience ; at the same 
time they could be <lispensed with. 

THS FLAHX BOALS. 

The plane scale, or the plane diagonal scale of equal parts, as here 
represented, is the most common and useful of aU the instruments 
used in drawing. It is also a ruler, and if wide and well made will 
serve as a square also, by which right angles may be drawn. 



The very appearance of this scale will ^ow its construction, the 
side of the square a h may be of any length whatever, it is gener- 
ally taken an inch, but this is not imperative. 

By means of the 10 parallel lines running along the length of the 
scale, and the 10 diagonal lines parallel to each other in the square 
a 5 c c/, we have 100 intersections in the square, by which we are 
enabled to find any and every hundredth part of the division of a b. 

For example, I wish to find 27 hundredths of the line ab, I go 
to the division 2onab, and then run up that diagonal line to the 7th 
parallel, and from that intersection to tiie line a c^ is 27 hundredths 
of ab. 

The distances ab,ag,gh, &c., may be taken to represent 1, 10, 
100, or in fact any number we please. Suppose we take any one 
of the equal divisions a b, ag, &c,, to represent 100, and then require 
234. From Ito e represents that distance. 

If the base a b were 10, from I to 6 would be 23.4 ; if 1, then from 
I toe would be 2.34 ; and so on proportionally for any other change 
of base, or change of the unit. 

To transfer distances from the scale (Bale,p g, &c.) to paper» 
we require 
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DIVIDSBB. 

Dividers are nothing more than a deEcate pair of eompaflsea *• 
two bars taming on a j<nnt They are too wdl known to require 
representation by a figure. 

They are also used for describing circles and parts of drcles. 

THS PBOTBAOTOB. 

The following diagram accurately represents this instniment. It 
condsts of a semicircle of brass ABO^ divided into degrees. 




The degrees are numbered both ways, from AU>B and frorn^ 
to A. There is a small notch m the middle of AB^ to indicate the 
center. 

Tolaycff €Bn angle. Place the diameter AB on the line^ so thai 
the center shall fall on the angular point. 

Then at the degree required, at the edge of the semicircle malm 
a point with a pn. Then remove the protractor and draw a Hmd 
through the point so marked and the angular point ; this line, with 
the given line, will make the required angle. 

The reader will observe a great similarity between this instrument 
and the circumferentor, which is described in a subsequent portion 
of this work. 

lliis instrument is designed merely to draw angles on paper, that 
to draw lines maikmg given angles, with other Imes, m the field. 
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18 SUtTCTIflG. 

In addition to tins, both the inotraotor and circnmferentor maj be 
used in talcing leineb, Mad aeasuriiig angles of akitaodev when mo 
liUtr kuUrmimUt for such pniposes jare at hand. 

For instance, if a delicate plnmb should be swpended fiwn 4e 
center of Ihe protraotoi^ and tiie thread restaitibe poisA C, while l^e 
instrument is held in a frame, then A and B would be as a leyel, 
and as manj degrees as the plunA line rested from C so 

level. 

Xi0P8lS 9Ht WKKffKlM Wt wRmMMS IMVS aHMMBO^ aalBttl WL iHS WWf» 

mSk the iniliiwiirti p retinM il/ devedbed^ «ilf« die ioBrariag 
piwMwi f!he i dh wntf e s am ie i to hi a >e n* a fliwwiij. Hmh, 
(«k IC^k 1« eoE. 1^) infieilM ftaMM lli, boek U ^^mBrntj U 

PEOBLSM I « 



Ii0t JLB ]» Aa i^rai fin^ an 

gmtediaa te lialf «f ilJ(P«iL 3), 4a. 
senbaani^eaiaiCaaiclialittria s «Bd«i. 

Join n and m; and C, where it cuts .iiS^ 
win be the middle of ^e fine required. 
Proot (ft. 16, b, 1, cor. 1 ). 



PROBLEM S« 

let j11K7 be flbe given angle. Widhany 
radhiSy from fte center B^ describe the arc 
AC. From A and C, as centers, with s 
ittdftH g»eatar ftan iiie haK of ^0, de- 
aolbeans^intoKaectmgin «; and join As 
it will bisect the given angle. 

Pjroo&^ih.i^b.l>. 
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PROBLEM t. 

Fnm a gtwn point, in a gioen line, to dram a perpmMcdar to thtd 
ane. 

Let AB be the gfyen line, and O 
tbe giyen point Take n and m equal 
distances on opposite sides of C; and 
from tbe points m and n, as centers, 
with any radius greater than nO or 
or mO, describe arcs cutting each other 
in S. Join SC, and it will be the per- 
pendicular required. Proo( (th« 16, b. 1, cor. 

The following is another method, which 
is preferable, when the given point, (7, is at 
or near the end of the line. 

Take any point, 0, which is manifestly 
one side of the perpendicular, and join 00; 
and with 0C7, as a radius, describe an arc, 
cutting AB in m and O. Join m O, and produce it to meet the 
arc, again, in n; mn is then a diameter to the circle. Join On, and 
it will be the perpendicular required. Proof, (th. 9, b, 3), 




PROBLEM 4. 



From a given point without a line, to draw a perpendicular to that 



line. 

Let AB be the given line, and O the 
§^ven point From 0, draw any oblique 
line, as On, Find the middle point of 
On by (problem 1 ), and from that point, 
as a center, describe a semicircle, having 
OnssA diameter. From the point m, 
where this semicircle cuts AB, draw Om, 
and it will be the perpendicidar required. 




Proo^ (th, 9, b. 3). 
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PROSLEM 6. 

Ai a given point in a line, to make an angle equal to another given 
angle. 

Let A be the given point in the line AB^ 
and DCE the given angle. 

From C7 as a center, iritii ttnj radhifly 
CJS, draw the arc ED, 

From ^, as a center, with the radius 
AF=^CE, describe an indefinite arc; and 
from jP, as a center, witli F^ as a radins, 
equal to ED, describe an are, cutting the other arc in (7, and jcmu 
AG; QAF will be the an^e required. Proof, (th. 5, b. 3). 




PROBLEM %. 
From a given po^rU, to draw a lineparaUd to a given line. 
Let A be the given point, and CB the 
given line. Draw AB, making an angle, 
ABC; and from the given point, A, in the 
line AB, draw the angle BAD=ABC, bj 
the last problem. 

AD €^d CB make the same angle with AB; thej are, therefore* 
parallel. (Definition of parallel lines). 




PROBLEM 7. 

To divide a given line into any numAer of equal paxU. 
JjetAB represent the given line, and 
let it be required to divide it into anj 
number of equal parts, say five. From 
one end of the line A» draw AD, inde- 
finite in both length and position. Take 
any convement distance in the dividers, 
as Aa, and set it oS on the line AD; 
thus making the parts Aa, ab, he, Ssc, equal. Through the last 
point, e, draw EB, and through the points a, h, c, and d, draw 
parallels to eB (problem 6.); these parallels will divide the line aa 
required Proof (th. 17, b. 2). 
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PROBLEM 8. 

To JImd a third prop&rtionai to two ffi9en lim$. 

Let AM and A Che toy two lines. Place A 

iiieni at any angle, and join OB. On the A 
greater Ime, ABj take AD^AC, and through 
J>, draw £>E parallel to J5(7; AE is flie third 
]|)roportiona! required. 

Proof, (th. 17, b. 2). 




PROBLEM f. 

Ib/indtifomiikproporiiontai^tkrms^imm 

Xel AB, AC, AD, represent the 
three giyen Hues. Place the first tWo 
toother, at a point forming any angle, 
as BAC, and join BO. On AB place 
AD, and horn tte point D, draw 
(problem 6) I>S parallel to 5(7; -4jBr 
win be the fourth {i^oporti<mal required. 

Proot (th. 17, k 2). 
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Jb^find the ffuddU, or mean prpportUmal, between tmgwen linee. 

Place AB and BO in one right line, 
and, on ^C7, as a diametelr, describe a 
semicircle (postulate 3), and from the 
point B, draw BJ) at right angles to AO 
(problem 3); BD is the mean propor- 
tional required. 

Proof, (scholium to th. 17, b. 3). 
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PROBLEM 11. 
To find the eetUer of a gwm cMe* 

Draw any two chords in the given drcle, 
as AB and CD; and from the middle pointy 
n, of ABy draw a perpendicular to AB; 
and from the middle point, m, draw a per- 
pendicular to CD; and where these two 
perpendiculars intersect will he the center 
of Uie circle. Proof, (th. 1, b. 3). 



PROBLEM 12. 

To draw a tangent to agwen eirtie, from a given poini, eUkerm 
or vnthotU the circumference of the circle* 

When the given point is in the circum- 
ference, as A, draw AC ike radius, and 
from the point A, draw AB perpendieular 
to AC; AB is the tangent required. 

Proof, (th. 4, b. 8). 



When A is without the cirde, draw 
A CU> the center of the circle ; and on 
^C7, as a diameter, describe a semi- 
circle ; and from the pomt B, where 
this semicircle mtersects the given 
drcle, draw AB, and it will be tangent 
to the circle. 

Proof, (th. 9, b. 3), and (th. 4, b. 3). 



PROBLEM It. 

On a given line, to describe a segment of a circle, thai shaU contain 
an angle equal to a given angle. 
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Let AB be the given line, and O 
the given angle. At the ends of th« 
given line, make angles DAB, DBA, 
eadi equal to the given angle, O, 
Then draw AJS, BE^ perpendicttlantD 
AD, BD; andfrom tlie oeiite^ E^wOti 
radius, EA ot EB, deseribe a cirde ; 
then AFB will be the segment reipiiredt ■■ any aagle F, made fai 
it, will be equal to the giv^i angle* 0. 

Proof, (ih 11. b. 3>, and (ih. 9, h. 9). 




PROBLEM 14. 

ThaUa ie^fmetU/rom any given circle, thai shaU 
angle. 

Let C be the given angle. Take 
any point, as A, in the circumference, 
ahd from that point draw the tangent 
AB; and from the point A, in the line 
AB, make the angle BAD=C (pro- 
blem 5), and AED is the segmtmt 
required. 

Proof, (th. 11, b. %), dnd (th. 8, b^ 3), 



caniUdn a given 




PROBLEM II. 

To ctm^ruct an equUaJteral triangle on a given finUe etraight line. 

Let AB be the given line, and from one 
extremity, ^, as a center, with a radius 
equal to AB, describe an xre. At the other 
extremity, B, with the same radius, describe 
another arc. From C, where these two 
arcs intersect, draw CA and CB; ABC will 
be the triangle required. 

TTie conettiicHon is a eujident demofi9tr€aion. 
2 




Or, (ax. 1). 
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PROBLEM 16. 

To comtmd a triamffUt homing tto iktt^ iides equal to three given 
lines, any two of wMek shall be greater than the third. 

Let AB, ODt and SF represent die three Jff F 

Ihes. Take anj one of iihem« as AB, to be one 
side of the triangle. From ^» as a center, with 
a radius equal to CD, describe an arc; and 
from JSy as a center, with a radios equal to FF, 
describe anotiher arc, cutting the former in ». 
Join An and £n, and AnB will be the A 
required. Proo^ (az. 1). 




PROBLEM 17. 

To describe a square on a given line. 

Let AB be the given line, and from the extre- 
mitieSy A and B, draw AO and BD perpendicular 
to AB. (Problem 3.) 

From A,za9k center, with AB as radius, strike 
an arc across the perpendicular at 0; and from 0, 
draw CD parallel to AB; ACDB is the square 
required* Proof, (th. 21, b. 1.) 



PROBLEM 18. 

To construct a rectangle, or a parallelogram, whose adjacent sides 
are equal to two given lines. 

Let AB and .i (7 be the two given lines. A O 

From the extremities of one line, draw per- A B 

pendiculars to that line, as in the last problem ; and from these 
perpendiculars, cut off portions equal to the other line ; and by a 
parallel, complete the figure. 

When the figure is to be a parallelogram, with oblique angles, 
describe the angles by problem 5. Proof, (th. 21, b. 1). 



a 


D 


A 
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PROBLEM 19. 

lb deicribe a recUmgle thai ihatt be equal to a driven equare, and 
have a side eqwd to a given line. 

Let AB be a side of the giyen square, and 
CD one dde of the required rectangle. 

Fmd the third proportional, SF, to CD 

and AB (problem 8). Then we shall haye, 

CDiAB: : AB : EF 

Construct a rectangle with the two giyen lines, CD and SF 
(problem 1 8), and it will be equal to the given square, ( th. 1 3, b. 2). 

PROBLEM 20. 

To eonetrud a eqwxre thai ehaU he eqwd to the d^erenee qf two 
pieen squares. 

Let A represent a side of the greater of two given squares, and 
B a side of the lesser square. 

On ^, as a diameter, describe a semi- 
circle, and from one extremity, m, as a cen- 
ter, with a radius equal to B, describe an 
arc, n, and, from the point where it cuts the 
circumference, draw mn and f^; np is the 
side of a square, which, when constructed, 
(problem 17), will be equal to the difference 
of the two given squares. Proo( (th. 9, b. 3, and 36, b. 1.) 

PROBLEM 21. 

To construct a square, that shall hetoagioen square, as a line, M, 
to a line, N. 

Place M and ^ in a line, and on the sum describe a semicircle. 
From the point where they join, draw a perpendicidar to meet the 
circumference in A. Join Am and 
An, and produce them indefinitely. 
On Am or An, produced, take AB=a 
to the side of the given square ; and 
from B, draw BC parallel to mn; 
ACiBtL side of the required square. 






10 sumvBTiKa. 

Bettdei the nmnerical scale of equal parts, we hare acaks of 
chordsy sinesy and tangeHtSy whi A eaa be eoostracted oorrespoiidfaig 
to any radius. 

Sach scales of course an nd 8eale$ qf egmal pmrti* 

Sndi scales are constructed m the following manner. 

Take OA any radius, and desei3)e a semidi^le. Draw CD at 
rfglit aiayB^les to AB, and draw a tangent line from A. Ditide the 
arc AD into equal parte 10, 20, 30, Ac., htffBol^ at D, and 
subdiTide them as mueli as required. 

Draw 10 10, ^| 
80 80,-90 30, kc.,\ 
an parallel to CD 

From CtolOon the! 
Ine &^,iatiiesineof [ 
]0^ From (7 to so 16 1 
tliesmeof80''4c*&c. 

The line 10 10 » I 
Ae dni of M^, itod ODa 0.i is the sine of 90^ 

Ihe Astailee hoii Aio 2> is the chord of 90^, from ^ to 10 is 
diechdidof aO^,atid from ^ to 20 is Ihe chord of 70^ and so on 
dbim. ^us we peiteit^ that we can take off any mto or diord and 
b^ it dowii on a litkr ; and chords and flnnes thus laid dffcottslit«tte 
Hie actteoi cnoras/ smes, drc. 

Lines drawn from C through ahy dividon of the &rd, ammentiitiff 
aiAik> stiiklei the tailgent line, will mark off the tangent doites|k)iid- 
mg to that arc. Thus, if the angle AOH is 30"", then the Ime^if 
placed on a scale, will represent the tangent of 30^ to the radius CA, 
and thtts any other tangent can be laid down on the same scale. 

The scale of chords and sines, as well as the scale of equal parts, 
•IB to be found on the 

ax TOR. 

TnlkiwM&tiMtctiiia^ of irory, and ccmdsu of two aims 

wUdi 0p&i and turn round a joinA at their common extremity. 

For (NiMf optt nUuns , particiflttfy the piojecijon of 86Wedl{»aes, 
llMlf m^mHii tetftmtd instnttsent 
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The figure before ns represents <me nde of a sector with the plane 
scale ciily upon H. More than one scale can be put on to a side, 
but we represent but one to avmd oonfiirion. 

The scale must be alike on both arms — and it must commence 
exactly at the joint — hence when near the center the different scales 
crowd each other. 

The two arms of the sector always form two sides of a triangle, 
and by opening and closing them we vary the angle, yet the distance 
across from one arm to the other is always proportional to the sides 
of the triangle. 

The advantage of the sector will appear from the following 
problem. 

A map is before me» its scale is 20 miles to an inch ; I wish to 
find the distance in a right line between two points laid down on it. 

1st. I take one inch m the dividers and open the sector, so that 
the distance between 20 and 20 on the two arms, shall just corres- 
pond to the measure in the dividers, that is, shall be one inch. Let 
the sector lie on the table thus opened. 

2nd. Now take the distance you wish to measure, in the dividers ; 
place one foot on one arm of the sector, and the other foot on the 
other aim ; so that the feet of the dividers shall fall on the same 
number on both arms of the sector. 

The number thus marked by the dividers will be the distance 
required. The distance between any other two points may be 
measured on the same map, without any computation whatever. 

For another illustration of the utility of the sector, let us suppose, 
that the sine of 20^ is requured corresponding to a radius of 6 inches. 
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Bettdei the nmnerical scale of equal parte, we hare acalM of 
chordsy aines, and tangeHtey whi A eaa be eooatracted correapoiidiDg 
to any radiua. 

Sach scales of course ar$ noi tealei qf 0gmal pmrti* 

Sudi scales are constmcted in the following manner. 

Take OA any radius, and desci3)e a semicii^le. Draw CD at 
rfglit angles to A£, $SdA draw a tatigent line from A. Ditide the 
arc AD into equal parte 10, 20, 30, Ac., begimlilig at i>« and 
snbdiTide them as mueli as required. 

Draw 10 10,— I 
80 80, — 90 30, Jf C.J 
an parallel to CD. 

From (7 to 10 on tbel 
Mna &^,iatiieflmeof[ 
10^ From (7 to 20 isl 
tliesmeof 20'^4c.^G. 

The line 10 10 k^ 
At due of M^, itod ODot 0.i is the sine of 90^ 

Ihe diiM^ (toil Aio 2> is the chord of 90», from ^ to 10 is 
die chdid of 80^, and from ^ to 20 is iSie chord of TO*', and sd 6a 
ikktBu 'ShoB we peiteit^ that we can take off any tm^ or diord and 
byitdbwiiotiiihdiikr; and chords and innes thus laid dff coMitute 
the aedeof dio^; sin^, &c. 

lines drawn from C7 through ahy division of the drd, cmmendtiff 
aiAik> stiikfe the tailgent Ime, will mark off the tangent <k)ite8|k)tid- 
mg to that arc. Thus, if the angle AOH is 30"", then the line AH 
placed on a scale, will represent the tangent of 30^ to the radius CA, 
and thtts any other tangent can be laid down on the same scale. 

The scale of chords and sines, as well as the scale of equal parte, 
aro to be found on the 

ax TOR. 

The aM#k<MBkm(^ ma^ of irory, and consisw of two aims 
wUdi 0p&i and turn round a joiai at their common extremity. 

Fbr «MMf opMiOoftt, paddcidttfy the piojeciion of adar edtpms, 
iiiii m^M^Hii v^ useAd instnttieBt 
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The figure before ns represents one side of a sector with the plane 
scale ciily npon it. More than one scale can be put on to a side, 
but we represent but one to avoid confusion. 

The scale must be alike on both arms — and it must commence 
exactly at the joint — hence when near the center the different scales 
crowd each other. 

The two arms of the sector always form two sides of a triangle^ 
and by opening and closing them we vary the angle, yet the distance 
across from one arm to the other is always proportional to the sides 
of the triangle. 

The advantage of the sector will appear from the following 
problem. 

A map is before me, its scale is 20 miles to an inch ; I wish to 
find the distance in a right line between two points kid down on it. 

Ist. I take one inch in the dividers and open the sector, so that 
the distance between 20 and 20 on the two arms, shall just corres- 
pond to the measure in the dividers, that is, shall be one inch. Let 
the sector lie on the table thus opened. 

2nd. Now take the distance you wish to measure, in the dividers ; 
place one foot on one arm of the sector, and the other foot on the 
other aim; so that the feet of the dividers shall fall on the same 
number on both arms of the sector. 

The number thus marked by the dividers will be the distance 
required. The distance between any other two points may be 
measured on the same map, without any computation whatever. 

For another illustration of the utiSty of the sector, let us suppose, 
that the smeof 20^ is required corresponding to a radius of 6 inches. 
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T«k* $ iadMft m ik# dmden^ wmA opts At urtot io tfHi4 tb» aiiie 
of kr^ fMtt ini lb ttiii Adl be 6 mclies. 



^^ ibtMt JMnnig fbts opeii^ take the distimoe from fO to tO, on 
thi Ihfte of riaei from irm to lfftti» in tbe dittdera. and thai k tihe 

• oirvtB^o *OAt>. 

Chtti^i ieide tt oommoblj ttro feet in kngtib^ coatidniiig die 
plltte ieite Aid tfae mJe of sloefi, cliords^ eaid tangents on (me dde 
ofkf and die abate lor ttelq^wN'MaM of m 
on the other. 

nda aeale ia veiy isgenkma» but it la not ao mueh naad ac 
odered ao unportant aa fanaarlj. 
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LOGARITHMS. 



Art 1* LogarUhmt are esq^onenU. 
Thna^if a«=9 

and a' =27 



Then a* =243; by mnltiplying the two 

equationa together term by tenn. 

^e exponent 2 of the fiiat equation may be consideied the log- 
arithm of 9 ; the exponent 3 the logarithm of 27» and the ezpcmeni 
5 the logarithm of the nnmber 243. 

In theee equations aa3 ihs ban of th$ 9y9tem. 

By the preoeding operation it is obvious that adding te exponenta 
2 and 3| corresponds to multiplying the numbers 9 and f 7. 

If we take the equation a* 6=243, and divide it by a* ss:9 member 
by member we shall haye 

«»-»«a»«27. 

fimey fifftfffiff niKmnafi ( jcMfMais ) cojiaiitoarfi to tkt amfttrWnr* 
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lM>» ^ tkdr eorrupondmg manben and tMraeHmg Mt $apmn^ 
(loffariiknu) corrtipondi to the dknsion of their mtmben. 

It is this property of logarithms that gives them their utility sad 
importance. 

Abt. 2* The base of our common system of logarithms u 10, and 
in any equaiicHi in the form lO'sn, jt is the logarithm of the num- 
ber n whatever number n may represent. If nsslO, then the 
equation becomes 10*=s 10. Whence orssl because lO^ss 10. There- 
fore in onr common system of logaritlims the logaritiun of 10 must 
be 1. 

Now because 10* ss 1 

lO^sslO 

lOaaslOO 

10«ntOOO 

10«»10000 

iso. 4c. ; st is plain thst tha log- 
arithm of 1 is 0» of 10 IB 1, of 100 is 2, ^., enery power qf 10 
increcteinff the logaaeUhm by 1 . 

It is also obvious, that every number between 1 and 10 must have 
A fractional or decimal number for its logarithm, and every number 
between 10 and 100 must have ons, and eome deeimal tar its 
logfMitbm. 

In the equation lO'ssS, jt is the logarithm of 3, and if we 
multiply this by IO'mbIO, member by member, we shaU have 

io«+*«=to 

Multiply this by 10' =10 

and we have IG* +*ss300. 

These results show that 3, 30, 300, have logarithms conti^ning 
the same decimal number ; x differs from each exponent only 
by whole numbers, and thus, generally ; any number multiplied or 
divided by 10, or any power qf 10, vnU have hgarithme containing 
the same decimal pari* 

Akt. t« For the general computation of logarithms we refer to 
algebra, and in a work like this we shall only attei^ to such portions 
of theory as to enable the student to use them understandingly and 
with as much practical facility as possible. 
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Let it be ohaexvei that the logarithm 

of 10000 18 4,00000 

of 1000 is 3,00000 

of 100 is 2,00000 

of 10 18 1,00000 

of 1 is 0,00000 

tV i»— 1,00000 

^^^sslO^* is— 2,00000 

For eyery diyision of the number by 10 we subtract 1 from its 
logarithm, and when the number comes down to 1, and its logarithm 
of course to 0, if we again divide by 10, making it -fj or 10~^ , we 
must subtract one from the logarithm, making it — 1. 

The decimal portion of a logarithm is al%oay» ponUve, but the index 
or whole number part of ii, becomes nuTtus when the value of the 
number is less than 1. 

Abt. 4* The whole number belonging to any logarithm is called 
its index, a very appropriate term, because it indicates, it points out 
where to place the decimal point between whole numbers and 
decimals. 

The index, or (as some call it) the eharacteristie, is never put in 
the tables (except from 1 to 100), because we always know what 
it is. It is always one less than the number of digits in the whole 
number. This is obvious from Art. 3. 

Thus, the number 3754 has 3 for the index of its logarithm^ 
because the number consists of 4 digits ; that is, the logarithm is 3» 
and saiM decimal. 

The number 34.785 has 1 for the index of its logarithm, because 
the number is between 34 and 35, and 1 is the index for all num* 
bers between 1 and 100. 

All numbers consisting of the same figures, whether integral, 
fractional, or mixed, have logarithms consisting of the same decimal 
part (Art, 2.) The logarithms differ only in their indices. 

Thus, the number 7956. has 3.900695 for its log. 

the number 795.6 has 2.900695 " 

the number 79.56 has 1.900695 '* 

the number 7.956 has 0.900695 '* 
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the number .7956 has — 1.900695 for its log. 
the number .07956 haa —2.900695 ** 

For erery division by 10, we diminish the index by 1. When 

the mdex is minuB % indicates a decimal number ; but let the learner 

remember that the index only is minus ; the decimal part is altoa^M 
positive, 

Abt. 5* To take out the logarithm of any number from the 
tables, we only consider the digits ; for the logarithms of 7956, or 
of 7.956, or of .007956, hare the same decimal part; and when 
that decimal part is found we then consider the value of the number 
to prefix the index. 

To prefix the index to a decimal, count the decimal point 1, and 
each cipher 1, up to the first significant figure, and this is the neg- 
ative index. 

For example, find the logarithm of the decimal .00085. To 
accomplish this we must look for the logarithm of the whole num- 
ber 85, and we find its decimal part to be .929419 ; and now, to 
determine the index, we count one for the decimal point and three 
ciphers, making 4 ; hence, we have Num. .00085 - log. — 4.929419. 

The smaller the decimal, the greater the negative index; and 
when the decimal becomes 0, the logarithm becomes negaiively 
infinite. 

Art. (. The logarithm of any number oonsistmg of four digiU 
or less, can be taken out of the table directly and without the least 
difilculty. 

Thus, to find the logarithm of the number 3725, we find the 
number 372 at the side, and over the top we find 5, and opposite 
the former and under the latter we find .571126 for the decunal 
part of the logarithm. The 57, the first two decimal, is under 0, 
which is the same for the whole horizontal column. 

Hence, the logarithm of 3725 is 3.571126 
of 37250 is 4.571126 
of 3.725 is 0.571126 

, Rnd the logarithm of 1 176. We find 1 17 at the ride, and 6 at 
the top, and opposite the former and under the latter we find .407 
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The point here demands a cipher, and is put in to arrest attention 
to make the operator look to the next horizontal line below for the 
first two decimals. Thus, we find .070407 for the decimal part 
of the logarithm required. 

Hence, the log. of 1176 is 3.070407 

1. What is the log. of .001176 ? Ans. —3.070407 

2. What is the log. of 13.81 ? Ans. 1.140194 

3. What is the log. of 72.56 ? Ans. 1.860637 

4. What is the log. of .6762 ? Ans. —1.830075 

5. What is the logarithm of the number 834785 ? 

This number is so large that we cannot find it in the table, but 
we can find the numbers 8347 and 8348. The logarithms of these 
numbers are the same as the logarithms of the numbers 834700 
and 834800, except the indices. 

834700 log. 6.921630 
834800 log. 5.921682 

Difference, 100 52 

Now, our proposed number, 834786, is between the two preced- 
ing numbers; and, of course, its logarithm lies between the two 
preceding logarithms ; and, without further comment, we may pro- 
portion to it thus, 100 : 86=62 : 44.2 

Or, 1. : ^6=62 : 44.2 

To the logarithm 6.921630 

Add 44 

Hence, the logarithm of 834786 is 6.921574 

the logarithm of 83.4786 is 1.921574 

From this we draw the following rule to find the logarithm of 
any number consisting of more than four places of figures. 

Bulb. — TaJte otU ths logarithm of the four superior places directly 
/ram ths table, and take ths diference between this logarUkm and the 
next greater logarithm in ths taUe, MtdHply this difference by the 
iarferioT places in the number as a decimal, and add the result to the 
logarithm correspofiding to the superior plaees^ the sum will be the 
logarithm required. 

Example. Find the log. of 367.32614. 

The four superior digits are 3673; the logarithm of these 
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oorrespandfl to the deexmal, .563039, tar its daonnal part Th« 
infierior digits, taken as a decimal, are 



6028 
6028 
2614 

30.6708 
This result shows that 30, or more iiearl7,31, should be added 
to the logarithm already £cnmd, thus giying .663064 for the deci- 
mal part of the logarithm 367.32614. 

Therefore, as three digits of the giren number are whole num- 
bers, the index must be 2, and the logarithm 

of 367.32614 is 2.663064 

of 3673261.4 is 6.663064 

of .036732614 is —2.663064 
The change between the place of the decimal point in a number, 
and the corresponding change of the index to its Ic^^arithm, should 
be stnmgly impressed on the mind of a learner. 

Example 2. What is the log. of 366.26636 ? Ans. 2.663786 

3. What is the log. of 39.37079 ? Ans. 1.696174 

4. What is the log. of 2.37681 ? Ans. 0.376812 

Abt. 7* We now give the conyerse of the last article ; that is, 
we give the decimal part of a logarithm to find its corresponding^ 
number. 

Taking the decimal in Example 1, (Art 6,) .663064, we demand 
its corresponding number.* 

The next less logarithm in the table, is .663033, corresponding to 
the figure 3673. The difference between this given logarithm and 
the one next less m the table, is 31 ; and the difference between two 
ccmsecutire logarithms in this part of the table, is 122. Now divide 
31 by 122, and write the quotient after the number 3673. 

* To take out a number from its logarithm, never enter the first part of the 
taUe between 1 and 100. Go to the main table, aa it eontaina many mon 
lafarithma. 
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ThatA 182)31.(254 

^ 244 

660 
610 

.500 
488 

The figures, then, are 3573254, which corresponds to the deciinal 
logarithtn .553064 r anid the valiie of these figures will, of coarse, 
depend on the index to the logarithm. ' 

If this given logarithm contained an index, such index would 
point out how many of these figures must ti^ idkkn for whole num- 
bers, the others will be decimals ; thus^ if the index had been 4, the 
number would be 35732.54 

If the given decimal had been .553063.67, which is the exact 
converse of example 1, then we should have found that number, 
35732514 ; but we did not give that decimal logarithm, because the 
table contains only six decimal places. From this obvious operation 
we derive the following role to find the number corresponding to a 
given logarithm. 

Bttix. — Jf Ihe giom loffOfUhm isnoiinihe iaid$, find the one nexi 
le8$, and take out the four figures correepondvng ; and ^ more than 
four figures are required, take the different between the given logarithm 
and the next less in the taUe, and divide thai difference by the' diference 
tf the two consecutive logarithms in the table, the one less, the other 
greater than the given logarithm ; and the figures arising in the quotient, 
as mmy as may be required^ mmt be annexed to the former figures 
taken from the taUe, 

IXAMFLIB. 

1. Given, the logarithm 3.743210, to find its corresponding num- 
ber true to three places, of dechnals. AxiS. 5536.182 

2. Given, the logarithtn 2.633356, to find its corresponding 
number true to two places of decimals. Ans. 429.89 

3. Given, the logarithm — 3.291742, to find its corresponding 
aumber. Ans. .0019577 



LOGARITHMS. 2i 

MULTIPLICATION BY LOGARITHMS. 

Abt. 8. If the prineiple first lud down in (Abt. 1) 10 true, ih« 
sum of the exponents will be the exponent of the product of any 
number of factors. In other words, 

Tk$ ivm of the logcarUhms of any number of f adorn triU he t^ 
logarithm of the product of thoee factore, 

K. B. The logarithmic table corresponds to this principle^ and we 
may see by the following 

BXAMPI.B8. 

The log. of 3 (taken from the table,) is 0.477121 
The log. of 4 " " " «« is 0.602060 

Therefore the log. of 12 must be 1.079181 

Given, the log. of 7 and the log. of 9, to find the logarithm of 63. 
Because 7X9=63, therefore. 

To log. 7=0.845098 
Add log. 9=0.954243 

Sum 1.799341 

By inspecting the table, we shall find this logarithm stands 
opposite 63, and by this process the logarithms of aU the composite 
numbers hare been found. In this we may consider that the log- 
arithm pointed out the product 63. 

Hence we have the followmg rule for obtaining the product of any 
number of factors. 

Bulk. — Find the logarithm of each factor, add those hgarithme 
together and the sum will he the logarithm of the product. The number 
corresponding to this last logarithm taken from the table, wiU he tke 
product its^. 

EXAMPLES. 

1. To multiply 23.14 by 5.062. 

Nombezs. Logs. 

23.14 1.364363 
5.062 0.704322 



Product 117.1347 2.068685 



2. To multiply 2.581926 by 
3.457291. 

Numbers. Logs. 

2.581926 0.4U944 
3.457291 0.538736 



Product. 8.92648 0.950680 



ao 
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S. To mult. 3.902 and 597.16 
and .0314728 all together. 

3^2 
697.16 
.0314728 
Ptod. 73.3333 



0.591287 
2.776091 
-2.497935 



1.865313 



Here the— 2 canceb the 2, and 
the one to carry from the decimals 
is set down. 



4. To mult. 3.586, and 2.1046, 
and 0.8372, and 0.0294 all 
together. 

VvmAoB. Logi. 

3.586 0.554610 

2.1046 0.323170 

0.S372 —1.922829 

0.0294 —2.468347 



Prod. 0.1057618 —1.268956 



Here the 2 to carrj cancels the 
— 2, and there remains the — 1 to 
set down. 



DIVISION BT LOGARITHMS. 

Art. 9, As division is the converse of mtdtiplication we draw the 
following role for division by use of logarithms. 

N. B. Addition and subtraction is to be understood in the algebraic 
sense. 

Bnis. — From the hgariUum of the dividend suUmd the logarithm 
of the diviecTf ofui the number corresponding to the remainder is the 
^uoUeni required. 
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1. Divide 327.5 by 2207 

log. 327.5 

log. 2207 

Quotient .14839 

2. Divide .054 by 1.75 

log. .054 
log. 1.75 
.030857 



2.515211 

3.342028 

—1.173183 



—2.732394 
0.243038 



—2.489356 

Art. 10* The preceding examples in multiplication and division 
were adduced only to show the nature of logarithms : had our 
object been results, the common arithmetical operations would have 
been more convenient for some of them ; but there are cases ti^at 
demand the use of logarithms, and such cases mostly occur In 
Involution and Evolution. 



LQPARI7fitt«« 



mm&r, oani ^pMply U bjfih$ index 4f (^ prjilpm^ P9W* ^^W 
Os number corretprnMng to ll# prcimd, and U wU he ih$ gog/f 

2. WIu4|sih^ei;beQf 1.72? 
* log. ' 1.72 ' 0J2d«628 
3 

Ana. 



1. What 18 the 2d power of 
861? 

log. 351 2.546307 
2 

Ana. 123201 5.090614 



5.0884 0.700^ 



3. What is the 4di power of 
.0916? 

log. .0916 —2.961895 

4 



.000070401 —5.847580 

Here 4 times the negatire m- 
dex is — 8, adding the 3 to cany 
gives — 5. 



4. What ii the 17th power of 
1.04? 

log. 1.04 0.917033 
17 



0.119231 
0.17033 



Ans. 1.9476 0.289561 

K. B. This last example be- 
gins to disclose the atiM^ Of log- 
arithms.' 



5. What is the 6th power of 
1.037? 

log. 1.037 0.015779 
6 



1.243+ 0.094674 



6. W^^ '^ the 21st power of 
2X)2? 

log. 2.02 0.305351 
21 



.305351 
6.10702 



Ans. 2584454.6 6.412371 



EVOLUTION 

Abt. 1L Eyoktion is the conyerse of Involnjtion ; hence we 
haye the followmg mle for the extraction of roots : 

Take the logarithm of the given numier out qf the tfUde. Dimde 
ike hgoMm, ihue founds bg the index qf the required root; then the 
number eorreeponding ie th$ root eaughi. 



SURVEYING. 



BZAMFLSS. 



1. What is the eube root of 

Its? 

log. 125 3)2.096910 



Ana. 6 0.698970 

3. What ii the 4th root of 
761? 

log. 751 4)2.875640 



Ana. 5.235+ 0.718910 



2. What 18 the cube root of 
200? 

log. 200 3)2.301030 

Ajw. 5.848+ 0.767010 

4. What is the 20th root of 
1.035? 

log. 1.035 20)0.014940 

Ans. 1.001718 0.000747 



5. What is the cube root of the decimal .00048 
log. .00048 —4.681241 

To the inexperienced here would be a difficulty, as the index is 
negative, and the decimal part posiHve. How then shall we divide 
by 3 ? Add —2 and +2 to the index ; and this is, in effect, 
adding no<4tf^; it merely changes the form of the index, thus, 
—6+2.681241 Now, we can divide by 3, and the quotient is 
— 2.893747. The corresponding number, or root, sought, is 
.07829+ Ans. 

RnuBK.— In tlM preoading artlclas we have tmg^t all the preliminary mlaa 
far the nae of logarithma s " but there ie « wiedem beyond rulee,** and he who 
does not arrive at it, attains only the burdens of knowledge without its bene- 
fits. Rules are necessary through the first rudiments of any science ; but he 
who can instantly fidl back on to first principles, and do the most advantageous 
thing at the most advantageous point of time, has a practical tact of the 
highest value. 

Art. 12. What follows will refer to no particular rules, but 
will be embraced under general principles, which are fiir above 
rules. 

To understand logarithms well, it is indispensable to study 
the table, and observe the increase of the logarithms, and com- 
pare that increase with the increase of the numbers. For in- 
stance, the logarithms from 1 to 10, increase by 1, and we must 
go ten times as far, that is, to 100, to obtain another increase of 
1 in the logarithms. 

Hence, logarithms to numbers near to unity, increase rery 
fiMt, and &r from unity, increase rery slowly ; and this is true 
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wbicheyer side of unity tbe niimber niaj be, abore on below. 
For instance, 4 is as much above unitj as | is below unity ; ao 
623 is as much above unity as jfj is below unity. 

Now 623 multiplied by j\f w^l .produce 1, therefore the log. 
of 623 added to the log. of j||, its reciprocal, must produce the 
log. of 1, or zero. 

Observe the decimal loga]:ithm8 on page 3, and compare them 
with the logarithms on page 20. Those on .page 3 are small in 
value, and vary rapidly; those on page 20 are large .in value, and 
vary very slowly. 

Hence it is, practically, more difficult to adjust a log. to its 
number, when the decimal j^rt of a logarithm jja .sn^ll, .^|um 
when it is large ; but we can avoid the use of a small decimi^ 
m a logarithm, as the following artifice will show. 

-Let us take Example 4, Art. 11. That la, find the number 
corresponding to the log. 0.000747 

Subtract the log. of 1.01 O.0C43S1 (a) 

The log. of .9918 18 —1,996426 (b) 

The two logarithm^ (a) and (b) added together, will produce 
(9«0QQ747.} the given Joganil^hm, and the number corresponding 
to this log. will be the product of the two numbers lM,OMlS, 
or 1.001718, 

Our given log. (0.000747) has a small decimal part, and sub- 
tracting tihe log. of 1^0^, produced ft logarithm havmg a Jarge 
decimal part, an^l this was our object. .T,he li^rgp deQimid rloga- 
ritliin we can carry to the table, and take put the cprrej^iondiiig 
number, to great accuracy, by mere inspepjtion. 

Abt. 13. Our table only extends to four figures, three at the 
aide, and one at Ijie top of the pageft, but by a little airtifice, the 
table will serve for any number. 

For instance, suppose that the log. of 101248 waa requured, 
the uninstructed might infer that it coujld not be obtained, 
heeauM the table does not extend eo far; but by fiictoring it, as 
fpUows, we ^nd that it is the product of the two iaotors^ 16 
aji^'6^28. ^ 
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2)101248 

2)50624 

2)25312 

2)12656 

6328 
Log. of 16 is 1.204120 

Log. of 6328 is 3.801266 

Log. of 101248 therefore is 5.005386 

We may take another artifice (which is the common one) to 
bring this nnmber within the scope of the table. Conceive it 
divided by 1000. Then the quotient would be 101.248, and 
this number is between 101 and 102, and of course within the 
scope of the table, but the first method is the most accurate, 
and therefore the best. 

If we demanded the log. of 101249, a number greater by 
unity than the preceding number, which may be a prime num- 
ber, and not capable of being separated into fiictors, we can 
obtain the log. of 101248 as before, and then add the quotient 
arising from the following division : 
0.43429448 
~lf 

The numerator, or dividend, is the modulus of our system, 
and N is the number immediately preceding the one whose log. 
is sought. For this example 2^=101248, and 

.43429448^^^^^^ 
101248 
We carry the division only to the sixth decimal place, as this 
is the limit of the table now under consideration. 

Hence, the logarithm of the number 101249 is 5.005390. 

The expression J -^ is the expression or value of the 

correction corresponding to one of number, but if we wished to 
make a correction 2.3, we would multiply the correction for one 
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(.000004) by 2.3, and this will giye .000009 for the ooneotioa 
correBponding to an increase of 2.3, thna: 

The log. of 101248 is &006386 

Add 2.3 add 9 



The log. of 101260.3 is 6.006395 

The log. of 8091 is 3.908002. What is the log. of 8092 
without using the table? 

8091)0.43429448(0.000064 nearly. 
40456 



29744 
To log. of 8091, which is 3.908002 

Add 64 



Log. of 8092 is 3.908056 

If the correction had been for part of a unit, we should hare 
added the like part of .000054, and this is the principle, and aU 
the principle, of deducing one log. from another. 
Given the log. of 5280 to find that of 52815. 
The last number we shall use as 5281.6, then it will differ 
from the given number by 1|. 

6280).43429448(0.000082 correction for 1. 
42240 41 " i. 



11894 .000123 
Log. of 5280 is 3.722634 

Log. of 52815 is 4.722757 

If we fiictor the number 52815, we shall find that it may be 
regarded as the product of two Actors, 3521 and 15. 
Log. of 3521 is 3.546666 

Log. of 15 is 1.176091 

Hence, Log. of 52815 is 4.722757 as before. 

For another example : The ratio between the diameter and 
circumference of a circle is 3.14159265, find the logarithm of 
this number. As the number is less than 10, the index will be 
; but to get the logarithm to proper accuracy, we will con- 
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oeiroihe immbet to be a whole 'number aa far as 3141)5, and( 
then we can call the reftt .9265, a decimal. The whole number 
31415, is composed of the two fitctors,^ 5 and 6283. Therefore 
To the log. of 6283 3.798167 

Add the \6g: ot 5 .698970 

Log. of 3.1415 is 0.497137 

31415).43429448(b.000014X.^2 iB 13 nearly^. 
31416 



120144 

Whence, the log. of 3.141592 is 0.497150, 

aa near as our table of six decimal places can express it. 

N. B. We have formed a table consisting of twelre decimal 
places, (without anj- indices), which can be used for yery 
delicate cases, and the proper explanations are made in the 
Appendix. 

^T. 14. A person who properly understands the principles 
of logarithms, can find the log. of any number, wUhotU a taUe, 
provided he retains in his memory the value of the modtdus 
(.43429448), and the value of the log. of 2, and of 3, and of 7, 
and of 11. 



The log. 


of 2 


is 


0.301030 


The log. 


of 3 


is 


0.477121 


The log. 


of 7 


is 


0.845098 


The log. 


of 11 


is 


1.041393 



The log. of 2 has the same decimal part as 20, 200, or .2 
tenths ; the difference is in the indices. 
The same remark will apply to 3, and all other integers. 

IXAMPLXS. 

1. Mnd the log. of 112, toUhoui the taNe, the hgarUhme of 2 
wfid 7 being given, 

112=4.28=4.4.7=2.2. 2. 2-7. 
Four times the log. of 2, pltis the log. of 7, will be the result. 
Log. of 2 =s 0.301030X4=1.204120 
Log. of 7 845098 

Log. of 112 2.049218 An$\ 
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The log. of 1120 is ^yen in the first example, and this cor- 
rected for the increase of unitj, will be the result 

1 120).43489448(0.000388. 
To 3.049218 

Add .000388 



Andlog. of 1121 18 3.049606 Am. 

3. Mndihe log. of 99 uMaui ihetueo/the taUe. 

99»3<11 0.477121 

2 



Log. of 9 is 0.964242 

Add log. of 11 1.041393 

Whence log. of 99 is 1.996635 Am. 

4. There are 5280 fea in a ndle, Mnd the log. of (hie number 
ufUhout the nee qf the table. 

5280s2«3.11.10. 

Whence 4 times the log. of 2 is (Ex. 1) 1.204120 

^ Log. of 3 0.477121 

Log. of 11. IC 2.041393 

Whence log. of 6280 is 3.722634 Ane. 

5. The eidereal year conei^e of 365.26637 mean eolar daye. 
Ihid the log. of thie number true to 6 placee qf dedmale, withoui 
the uee of the table. 

N. B. As the number is between 366 and 366, the index will 
be 2. Hence, we shall pay no attention to the index ; the arti- 
fice is to obtain the true decimal part. 

Because 33.11=363=3.11.11. 
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Twice the log. of II is 2.082786 

Log. of 3 0.477121 

Log. of 363 therefore is 2.669907 

We must now correct this log. for 2 
units, and the decimal .26637, or 2{ 
units nearly. 

Correction for the first unit is il?l??li?=:0.001 199 

363 



For the second unit it is 



.43429448 



364 



=0.001193 



And for the fraction ("i^^^Y 26637=0.000303 

Log. of 366.26637 therefore is 2.662602 Ans. 

6. The diameter of the earth ie 7912 rnOes. Find the log. of 
thie number without using the table. 

7912=2.2.2.989. But 989=990—1. 
The log. of 99 or 990 was found in Ex. 3. Using that result, 
we have 

Log. 990 2.996636 

Correction for 1, subtract 439 

Log. of 989 is 2.996196 

Add 3 times log. 2, or log. 8, .903090 

Log. of 7912 therefore is 3.898286 Ane. 

We think that we have fully illustrated that logarithms can 
be readily found, independently of a table. 

Abt. 16. The converse of the last problem is not so obvious. 
When the number is given, the logarithm of that number can 
be found, as we have just shown ; the converse of that problem 
is to find the number corresponding to a given logarithm. We 
must remember the log. of 2, of 3, of 7, and of 11, and also 
know the modulus, but it is better to illustrate by 

SXAHPLXS. 

1. Find the number corresponding to the log. 3.470263. 

1st. The log. of 2 is .301030 1 From these we can find 
The log. of 3 is .477121 y various other logarithms, 
The log. of 7 is .846098 J but we observe that the de- 
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oimal part of our giren log. is ybtj nearly the log. of 3, but the 
index is 3, therefore the number sought must consist of four 
places, the highest figure not quite 3 ; that is, the number sought 
is not quite 3000. It is probably not far from 2900, or not hi 
from the double of 1456, which is the double of 729, which is 
the cube of 9. 
Therefbre 4.9»=2916. But 9=3% or 9»=:3«. 
Twice the log. of 2, is log. 4, 0.602060 

6 times log. of 3 is log. of 729 = 2.862726 

Log. of 2916, therefore is 3.464786 

Which subtract from 3.470263 



0.006477 
If we can find the number corresponding to this last logarithm^ 
the product of that number into 2916 will be the number sought. 
We can obtain this, approximately, by means of the modulus. 
Thus -43429448^ ^^^ 0,006477^^^ 

2916 ^ Q 

And 2916-|-nss: the number sought. 

In this case C=0.000149. ^'^^—=36.8 nearly. 

0.000149 ^ 

To 2916 add 36.8, and we have 2952.8 nearly, for the number 
required. BtU the true number it 2953, the error of about two- 
tenths arises from the imperfection of this last operation. 

To show that there are several methods of solving these 
problems on the same general principle, we will take the same 
problem as before. 

The given log. is 3.470263 

The log. of 30, is 1.477121 

The log. of the unknown fiictor is 1.993142 
The log. of 100 is 2, hence this logarithm under considera- 
tion must correspond to some number near 98. Now we will 
find the log. of 98 to compare it with this log. 
98=2.49«2.7«. 
Log. of 98=:log. 2-f2 log. 7.= 1.991226 

This subtracted from 1 .993142 

And we have left 0.001916 
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Hence, the number sought is 30.98s=2940 plus, the oorreotion 
which is found hj the following process : 

•*^*^^=0.000J48 nearly. j2?Hl?=13 nearly. 



2940 ^ .000148 

Therefore, 2940+13=2953, the true number sought. 

Abt. 16. Let the pupil observe that in the last problem the 
giyen log. (3.470263) was diminished by the log. of 30, and the 
remainder by the log. of 2940, hence, the remaining log. 
(0.001916) is the difference between the given logarithm and 
the logarithm of 2940, and in this sense it is a dtferendal of a 
logarithm, and not a logarithm independent by iUdf, 

Considered as an independent logarithm, it does not corres- 
pond to 13, but to some number a little greater than «m^. 

Let us take it as an independent logarithm, and how then 
shall we find the number corresponding? 

The log. of 1 is 0.00000, and therefore the log. 0.001916 may 
be considered as the difference between itself and the log. of the 
number 1. 

Hence, the correction to the number 1 may be found by the 
same process as we have just found the correction to the num* 
ber2940. 

The operation is thus : 

•^«^1=.434294. .?:?21^=0.004412. 



1 0.43429 

Whence the log. of 1.004412 is 0.001916. 

The product of the three fectors 30.85.(1.004412) is 2953 
very nearly, as it ought to be. 

From the above operation, we can draw the following rule to 
find the corresponding number to any very email logarithm : 

Bi7Ui.*-i>>vub the pwen logariihm hy the modulus, and to the 
quotient and unity. The sum vnU he the number sought** 

• We haye drawn these roles from mere practical obsenratioiis, withoat 
any pretensions to science ; bat neyertheless, they confonn to strict analyti- 
cal deductions, as found in the differential calcolns. 

In that branch of science we shall find the equation dx^ — - in which 

m xepresentB the modulua of a system of logarithms, dlarthe diffiBrential value 
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SxAMPU. The lop. (fa mUdn mmOer ii 0.00SS96, find tlie 
oorresponding number. 

By the rule ^'^^^-^=0,007689, Ant. 1.007689. 

^ .43429 

For another example. I%e log. of iome number Juti above umijf 
ft 0.000123. What ii thai nmberf 

By the rule ^'^^^!?=:0.0002832. Am. 1.0002832. 

^ .43429 

We will give but one more example, independent of the tables, 
and the object of that one is to show the utility of logarithms, 
notwithstanding we may be under the necessity of computing 
the logarithms expressly for the example, which is the following: 

Find the value of ike fifth power of 8, maUiplied hy the thwd 
root qf 7, and that product divided by the fifth root ef 6. 

By logarithms it will stand thus : 

6Xlog. 8+J log. 7 — J log. 6slog.dr. 

The log. of 8=3 times the log. of 2, which is .903090. 
6Xlog.8 - - - 4.615450 

}log.7 - - - - 0.281699 

4.797149 
^log. 6 ... 0.166630 

Log. a? - - • 4.641519 

We must now find the value of x. The index is 4, therefore 
there must be five places for whole numbers. The decimal part 
of the log. is a little greater than the log. of 4, therefore the 
numbefr sought must be a little greater than 40000. It is not 
44000. For the log. of ll-f- the log. of 4 will give a greater 
decimal than the decimal .641619. 

if a loguithm, <2y the differential yalne of the number, and y the number 
l»elf. 
The last operation in (Art. 15), y«3940, m.K.434394. 

^«^^^-*W0148. ito«0.00l9l6. rfy-^.*«*--S-""^^y- 

When ysl* Ihen ds^^Tudf, and (fy« — • which is the symbol for the last 

•nle. 
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The number 42, or 42000, which is probably less than x^ hag 
three Actors, 6, 7, and 1000. 

The log. of 6s=log.2+log.3, - - .778151 

log. 7, - - .846098 

Log. 1000+ log. 4St, • 4.623249 

Log.fr, • - 4.641619 

^^' 42000 0.018270 

The number corresponding to this remaining log. is found hj 
the last rule. 

Thus '^^^^'^=0.04206. Log. of 1.04205 is ,018270. 
.43429 ^ 

Whence — f— .=1.04206, or fl:s43766.1, the approximate 
42000 ^^ 

number. 

It is not likelj, however, that this is the true number, for the 
log. 0.018270, is too great to have its number determined by 
this method, and if greater accuracy is required, we must obtain 
more exact factors. 

We will therefore resume the work from 

log — ^=0.018270. 
* 42000 

and we know that the number corresponding to this log. must 

be near 1 .042 , and this number, or a number very near it, can 

be produced by dividing 100 by 96. Or, in other words, this 

log. must be very near the log. of VV • 

But the log. of 100 is 2.000000 

Log. of 96 is log. of 8+log. 2+log.6, 1 .982271 



0.017729 



Making use of this factor,, we shall have 

Log. ^^^ =0.000541. 
^ 4200000 

Now we have a log. sufficiently small to determine its number, 
as follows : 

.000541 _Q j^ ^^ 1.001246=0.000541. 
.43429 ^ 
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Whence _??L-.= 1.001246. 
4800000 

Or i^=100.1246. Or «=43804.616, 

7000 

the trne number sought. 

But hj the help of the table this problem would have been a 
TfTj trifling a&ir ; but if a person can work it without the table 
bj^ recollecting a few simple logarithms, we are sure that such a 
Person has a clear comprehension of logarithms, and it is to 
make this test that we require any one to work without the table. 

The following examples are giyen to show the practical ralue 
of logarithms. The student may now use the table. 

SZAMPLXS. 

1. What is the cube root of 12326391? Ant. 231. 

The log. of 12320000 is 7.090611 (See table.) 

Correction for .6391 225 



Log. of 12326391 3)7.090836 

Log. of 231 2.363612 

2. What is the cube root of 692.704? Ant. 8.4. 

3. What is the cube root of 997002999? Ang. 999. 

4. What is the cube root of 40? Ana. 3.41 995+. 
The utility of logarithms is more strikingly illustrated by 

examples in powers and roots higher than the third, like the fol- 
lowing: 

5. What is the 5th root of 130691232? Ans. 42. 
Log. of 1 3069 1 232 is 8.11 6246( 5 

Log. of 42 is 1.623249 

6. What is the 6th root of 12230590464? Ans. 48. 

7. What is the 7th root of 10? Ans. 1.38949. 

8. The 10th root of a certain number is .021, what is that 
number? Ans. 0.0000.0000.0000.00001 6684+. 

9. The 10th root of a certain number is 21, what is that 
number? Ans. 16684000000000, nearly. 
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CHAPTERIII. 

ELEMENTARY PRINCIPLES OF PLANE 
TRIGONOMETRY. 

Tbzgohoioetbt m itB literal and restricted sense, has for its object, 
the measure of triangles. Wlien the triangles are on planes, it is 
plane trigonometry, and when the triangles are on, or conceived to 
be portions of a sphere, it is spherical trigonometry. In a more 
enlarged sense, howerer, this science is the application of the prin- 
ciples of geometry, and nnmerically connects one part of a magni- 
tade with another, or nnmerically compares different magnitudes. 

As the sides and angles of triangles are quantities of different 
lands, they cannot be compared with each other ; but the reloHon 
may be discorered by means of other complete triangles, to which 
the triangle under investigation can be compared. 

Such other triangles are numerically expressed in Table U, and 
all of them are conceived to have one common point, the center of 
a circle, and as all possible angles can be formed by two straight 
lines drawn from the center of a circle, no angle of a triangle can 
exist whose measure cannot be found in the table of trigonometrical 
lines. 

The measure of an angle is the arc of a circle, mtercepted be- 
tween the two lines which form the angle — ^the center of the arc 
always being at the point where the two lines meet. 

The arc is measured by degrees, minutes, and seconds, there bemg 
360 degrees to the whole circle, 60 minutes in one degree, and 60 
seconds in one minute. Degrees, minutes, and seconds, are desig- 
nated by ^, ', ". Thus 27^ 14' 21", is read 27 degrees, 14 min- 
utes, and 21 8ec(Xids. 

All circles contain the same number of degrees, but the greater 
the radii the greater is the absolute length of a degree ; the cir- 
cumference of a carriage wheel, the circumference of the earth, or 
the still greater and indefimte circumference of the heavens, have 
the same number of degrees ; yet the same number of degrees in 
each and every circle is precisely the same angle in amount or 
measure. 
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As triangleg do not contam drcles, we can not measure triangke 
by drcxilar arcs ; we must measure them by niQyef irian^fiei, that is, 
by itraigJU li$ies, drawn in and about a circle. 

Such straight lines are called trigonometrical lines, and take par- 
ticular names, as described by the following 

DEFINITIONS. 

1. The nne of an an^e, or an arc, is a line drawn from one end 
of an arc, perpendicular to a diameter drawn through the other end. 
Thu8,^^isthesmeofthearc.<l&,afu^a2«oofthearc^i>J^. £K 
is the sine of the arc BD, it is also the cosine of the arc AB, and 
BF, is the cosine of the arc BD. 

N. B. The complement of an arc is what it 
wants of 90^ ; the stq>plemeni of an arc is 
what it what it wants of 180°. 

2. The cosine of an arc is the perpendicu- 
lar distance from the center of the circle to 
the sine of the arc, or it is the same in mag- 
nitude as the sine of the complement of the 
arc. Thus, CF, is the cosine of the arc AB; but OF^^KB, the 
sine of BD, 

3. The tangent of an arc is a line touching the circle in one 
extremity of the arc, continued from thence, to meet a line drawn 
through the center and the other extremity. 

Thus, AHia the tangent to the arc AB^ and LL is the tangent 
of the arc DB, or the cotangent of the arc AB. 
N. B. The CO, is but a coniraeUon of (he word con^plemeni, 

4. The secant of an arc, is a line drawn from the center of the 
circle to the extremity of its tangent Thus, CBf is the secant of 
the arc AB, or of its supplement BDJS. 

5. The cosecant of an arc, is the secant of the complement 
Thus, CL, the secant of BJ), is the cosecant of AB. 

6. The versed sine of an arc is the difference between the cosine 
and the radius ; that is, AF b the versed sine of the arc AB, and 
DK is the versed sine of the arc BJ). 

For the sake of brevity these technical terms are contracted thus : 
for sme AB, we write sin.AB, for cosine AB, we write cosJLB^ 
far tangent AB, we write tanJLB, Ac. 
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From ihe preceding definhioiis we deduce the following obnous 
consequences : 

1st, That when the arc AB, becomes so small as to call it 
nothing, its sine tangent and versed sine are also nothing, and its 
secant and cosine are each equal to radius. 

2d, The sine and versed one of a quadrant are each equal to the 
radius ; its cosine is zero, and its secant and tangent are infinite. 

3d, The chord of an arc is twice the sine of half the arc. Thus, 
the chord B6^,ja double of the sine BF. 

4th, The sine and cosine of any ^ac form the two sides of a 
right angled triangle, which has a radius for its hypotenuse. Thus, 
CF, and FB, are the two sides of the right angled triangle CFB. 

Also, the radius and the tangent always form the two sides of a 
right angled triangle which has the secant of the arc for its hypo- 
tenuse. This we observe from the right angled triangle CAHi 

To express these relations analytically, we write 
sin.»+co6.»=iP (1) 

jB»+tan.'=sec.' (2) 

From the two equiangular triangles CFB, CAB", we have 
OFiFB^OAiAE 

Thai is, cos. : sinss^ : tan. tan.=s ' (S) 

cos. ^ ^ 

Also, . CFiCB^CAiCff 

That is, . cos : jR=sjR : sec. cos. sec. =72* (4) 

The two equiangular triangles CAff, CDL, give 
OA.AH^DL.Da 

That 18, • i2:tan.=cot:i2 tan. cot»^ (6) 

Also, • OFiFB^DLiDO 

That is, « COS. : sin.=cot : R cos. ^sssin. cot (6) 

By observmg (4) and (5), we find that 

COS. sec.s=tan. cot. (7) 

Or, . COB. : tan. scot.: sec. 

The rafiot between the various trigonometrical lines are always the 
same for the same are, whatever be the length of the radius ; ana 
therefore, we may assume radius of any length to suit our conven- 
Mnce ; and the preceding equations will be more concise, and more 
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The center of the circle is considered the absolute uro pomt, and 
the different directions from this pdnt are designated bj the different 
signs + and — • On the right of C> toward A, is commonly 
marked plus (+)> then the other direction, toward H, is necessarily 
mmus (— ■). Above AE\a called (+)> below that line ( — ). 

If we conceive an arc to commence at A, and increase contin* 
uously around the whole circle in the direction of ABJ), then the 
following table will show the mutations of the signs. 

dlU COl. lUU cot MC COMC 

+ + + + + 

- + + - - 
+ - - + - 

PROPOSITION 1. 

The chord of 60® and the tanffeni 46® are each equal to radius; 
ihs iine of SO"" ths versed sine of 60^ and the cosine of 60® are each 
equal to haff the radius, 

(The first truth is proved in problem 15, book 1). 

On (7=, as radius, describe a quadrant; take ^i>=46®, AB 
=60®, and ^12^=90®, then ^J^=30®. 

Join AB, CB, and draw Bn, perpendicular to CA, Draw Bm, 
parallel to ^C. Make the angle C7^JEr=90®, and draw CDB. 

In the A ABO, the angle J(7i?=60® 
by hypothesis; therefore, the sum of the 
other two angles is (180--60)=120®. But 
CB^ CA, hence the angle CBA^ the angle 
CAB, (ih, 16b. 1), and as the sum of the two 
is 120®, each one must be 60® ; therefore, 
each of the angles of triangle ABO, is 60® 
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and the sides opposite t6 equal angles are equal ; that is, A£, the 
chord of &0°, is equal to CA, the radius. 

In the A CAJI, the angle OAffk a right angle ; and by hypoth- 
esis, A Off, is half a right angle ; therefore, AffC, is also half a right 
angle ; consequently, AB=sAC, the tangent of 46^= the radius. 

By th. 16, book 1, cor. Cn^nA; that is, the cosine and versed 
sine of 60^ are each equal to the half of the radius. As Bn and 
EG are perpendicular to AC^ they are parallel, and Bm is made 
parallel to On; therefore, Bm^Chh or the sine 30% is the half of 
radius. 

PROPOSITION I. 

Cfiven the sine a$id coHne of two arcs to find the sine and cosine of 
the sum, and difference of the same arcs eacpressed by the sines and co- 
sines of the separate arcs. 

Let O be the center of the circle, CD, the 
greater arc which we shall designate by a, 
and DF, a less arc, that we designate by b. 

Then by the definitions of sines and co- 

rines, i>C?=8in.a/ GO=^cos.a; Flsszsm.h; 

Ol=icos.h. We are to find FM, which is 

=sin.(a+i)/ GJIf=cos,(a+b); 

jEP=zwi.(ar^); ^P==cos.(a— *). 

Because IN" is parallel to DO, the two As &D 0, GIN, are 

equiangular and similar. Also, the A FBI, is similar to GIN; 

for the angle FIG, is a right angle ; so is BIN; and, from these 

two equals take away the common angle BIL, leaving the angle 

FIH^sss, GIN, The angles at ^ and N, are right angles ; therefore, 

the A FBI, b equiangular, and similar to the A GIN, and, of 

course, to the A GD 0; and the side BI, is homologous to IN, 

and DO. 

Again, as FI=^IE, and IK, parallel to FM, 

FB=IK, and EI^KE, 
By similar triangles we have ^ 

GD\DO^GI\IN. 

That is, J2:sin.a=cos.i:i2r, or Zy=^"^'^J^^'- 

Also, &D'.&0=FI:FB 




PLANE TRIGONOMETRY. 49 

That is, JR:coB.a=:sin,b:Fff, or FH^ ^V^^ 

Also, GI>:G0=^GI:ff2r 

That is, BicosMssscoo^i&y, or flW= = — 

Also, eDiDO^FI.m 

Tbatis, i2:si]i.as=8m.5: JQ7, or ZETas = 

By adding the first and second of these equations, we hare 

' m+FJ3^FM=:an,(a+b) 

mt. j.» • / I ,\ sin^a cos.^+cos.a sin.ft 
. That IS, . sm, (a4-.5)=. . . ^ r-. 

By subtracting the second from the first, we have 

. . , . siA.a cos.5— -cos.a sin J 

Sm. (flH-*)=: ^g 

By subtracting the fourth from the third, we hare 

QN—m:^ <?Jfr»cos.(a+^) for the first member. 

TT / I * \ cos.a cos.^ — sin.a an.5 
Hence, . cos.(a+D)=: ' ■ -^ ■ 

By adding the third and fourth, we' hare 

-- , ix cos.o c^os. ft-f^sin.a sin.5 
Hence, . cos. (a — o)= ^g 

Collecting these four expressions, and considering the radius 
nnity, we have 

^ sin.(a-|-5^=sin.a cos.5-t-oos.a sin.5 
f^s sin.ra---^)=sin.a cos.d---cos.a sin.( 

'^ " cos.ra+&)=cos.a C08.3 — sin.a sin.^ 

cos.(a---^)=co8.a cos.^-f^*^ ^'^ 0^) 

Formula (A), accomplishes ike objects of the proposition, and 
from these equations many usefdl and important deductions can be 
made. The following, are the most essential : 

By adding (7) to (8), we have (11); subtracting (8) fit>m (7), 
gives (12). Also, (9)4-(10) gives (IS); (9) taken friatti (10) 
gives (14). ' 



(2?) 



sm.fa- 
sin.i 



•^)+sin.^a— ^ J = 2sin.a cos 5 ^ 71 1 J 

bf — sin.(a — 5Js=:2cos.a 8in.d . « (12) 

cos.^a4-i)-f-cos.(a^;=2oos.a cos.^ (13) 

cos.(a---6)— KJ0S.(d+d;=B2sin. o sm.d fl4i 
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If we put a+b=sA, and a — b=B, ihen (11) becomes (16), 
(12) becomes (16), 13 becomes (17), and (14) becomes (18). 

'A+B\ I A— By 



(O) 



sm..4+«aJ?=«2sm.(ff?)eos.(l^) (Ifl) 

sm^-^sin J?=teos. ( ^^ ) siii. ( ^^ ) (Id) 

cos.^+cosJ?=2cos.(^)cos.(^^) (17) 

cos.i^os.u4«28m.(^)sin. (^^) (18) 



If we divide (16) by (16), (observfaig that 



sm. 
cos. 



ztan. and 



cos ] 

~-I=scot.B3- — as we learn by equations (6) and (6) trigonome- 
try), we shall hare 

sin.J+sm.2? ^{t^) ^\-^'] '^\-^') 

voL^A — sin.^' 



•"•(^) *-{^) 



tan, 



(^^) 



(19) 



Wbence, 

. iA-\'B\ I A — ^\ 

sin.^+8in.^ : 8in.ui— sb.^=tan. J — g-- j : tan. | — — j 

or in words. The wm of the tines of any two arcs ie to the differ- 
enee of the same eimt, as the tatiffetU of the ha^ smn of the same eirce 
is to the tangent of half their difference. 

By operating in the same way with the different equations in for- 
mula ( 0), we find, 

#. 8in.-4+Mn-^^. fA+B\ 

cos.^+cos.^"~ * \ 2~ / 

8in.^-f-^*^ . / A-^-B \ 

COS.S— coslk"" V 2"" / 

sin.^ — Bin.jB / A-^B 



w 



sm.^ — Bin.jg __ / -d— x^ \ 
00S.-4+C0S.5"" * I """2"" / 
sin.-4 — siuwff ^ iA+B\ 



C0S.j6— COS.^ 

cos.^+cos.^ 



cos.,<&— eos.^' 



tan. 



(^) 



(80) 
(21) 
(22) 
(2S) 
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These eqmfttioiu are all tnie, whaterer be the yalve of fhe arcs 
deaignated hj A and B; we may therefore, asaign aaj poaaiUa 
▼alue to either of them, and if in equatkna (fO), (21) and (t4), 
we make £^ O, we ahaU haye, 



1— cos^ *2 tan.^^ 
l+C08,^ _C0t4^_ 1__ . 

1— C08.J tan^^—taiu^i^ ^ ' 

If we now turn back to formula (A), and diride equation (7) by 

(9), and (8) by (10), obeerriDg at Uie aame time, that — staa. 



we shall have, 

/ I xx— "*^ ^ coe.H-coe>g sm ^ 

^ ^ cos^ C08.5 — Bin.a sinii 

-^ .. em.g eoe.&— ^M)8^ sin ^ 

'^ ' oos,a €06.M-sin^ sin J 

By diYfdSiif the nnmeratora and denomiaaton of the aeeond 

iManbeit of Aeae equatioDa by ^oo8.a eoe.5), we find, 

8m.a 008.5 .008US sin.5 

^^ ^*^cos.a C08.6 8in.a sin^ft 1 — tan.atan.A ' ' 

C08.a cos.^ COS4I0QS.5 

8m^ 008.^ 008^ sm.5 
ten / ^ ^ \ cQg'g cQg*^ co8^ C08 j_ tan.flH-4an^ . ^ 
^ ^ co8,a C08.5 I,™**' Mn.& "^ 1 +tan.a tan J ' ' 

cos.a 008.5 cos.a co8^ 

If in equation (11), formtda (J?), we make a^h^ we ahall bare^ 

8m.2a=:2sin.a cos.a (30) 
Making the same hypodiesiB in equation (13), gireSt 

cos,2a+l=2co8',a (31) 

The ftme hjrpothesb reduces equation (14), to 

1— <x>8.2as28in'.a (32) 

The tame hypothesis reduces equation (28), to 
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Tlie feeants and eoaeeanti of area are notgireii iBoiirtable»1>ecaii8e 
thej are very little naed in^ practice ; aad if any particular secant ia 
required, it can be determined by subtracting the cosine from 20 ; and 
the cosecant can be found by subtracting the sine from 90. 



PROPOSITION 8. 

In any right angUd jdans triangle, toe nuxy luwe the fcUowing 
proportknt: 

1st Ae the hypatenuee ie to either side, eoiethe radius to the eine 
€f the angle opposite to thai side. 

2d. 'As one side is to M« other side, so is the rddka to ^tongeni 
qf the angle adjaceni to theJirst-menOoned side. 

dd. As one side is to the hypotenuse, so is radius to the secant of 
the angle adjacent to thai side. 

Let CAB represent any right 
angled triangle, right angled at A. 
AJEtBui AC are called ike sides 
of the At and OB is called the 
hypotenuse. 

(Hero, and in, all casea hereafter, we ahall repmeat the angles of a triangle 
by the large letters A, B, C, and the sides oppositD to tlieni,,by the small letters 
a,h,e.) 

From either acute angle, as C, take any distance, as CD, greater 
or less than CB, and describe the BxeJDE, This arc measures 
the angle (7. From D, draw DF parallel to BA; and ppv^^, 
draw EO, also parallel to BA or DF. 

By the definitions of sines, tangents, and secants, DF is the sine 
<tf the angle C; EQ is the tangent, CQ the secant, and C7^ the 
cosine. 

Now, by proportional triangles We hav^, 

CB'.BA^i 
CA : AB^ 
CA : CB^ 

Scholium. If the hypotenuse of a triangle is made radius, one 
side is the sine of the angle opposite to it, and the other side is the 
cosine of the same angle. This is obvious from the triangle CDF, 




l=(7Z> : DF or, a: c=B : sin. (71 

3:=^CE : E& or, b : c^B : tan. (7 V Q. E. D. 

3^CE : CGf^ ox, b : a=:B : sec. (7 J 
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PE0P08ITI0N 4. 

Jk any irkaifft, the mnes of the anglm are to cm ccnafhar at the 
§Ue$ pppo9k$ to them, 

UtASC be WDjtA- 
•ag^e. From the potnto 
A and B, as centers, with 
any radius, describe &e 
arcs measuring these an- 
gles, and draw^, CD, 
and mn, perpendicular to AB, 

Then, pass^mn^A, iiDicseiiL^ 

By the similar As» Apa and AOD, wehare, 

M : 8in.^rrd^ : CD; or, E(CD)'mb oilA <1) 
By the similar As Bmn and BCD, we have, 

JR : sm.jB=a : CD; or, E(CD)=zaaia.B (2) 
By equating the seeond members of equations (1) and (2). 
b 8in.^=a sin.^. 

Hence, . sin.^ : sin.^s=a : b t O £ D 

Or, . . a: 5=sin A : sin. bS 

Scholium 1. When either angle is 90^, its sine is radius. 

Scholium 2. When CB is less than .^C, and the angle B, acute, 
the triangle is represented by ACB, When the angle B becomes 
Bff it is obtuse, and the triangle is ACB'; but the proportion is 
equally true with either triangle ; for the angle CBD=^ CBAf 
and the sine of CB'D is the same as the sine of AB'C, In prac- 
tice we can determine which of these triangles is proposed by the 
side AB, being greater or less than AC; or, by the angle at the 
vertex C, being large as ACB, or small as ACB', 

In the sectary case in which A C, OB, and the angle A^ are given, 
and CB less than AC, we can determine both of the As ACB 
and ACV; a&d &ea we surely have the right one. 

PEOPOSITION «. 

^ fnummmif m^ cf a triangle, « perpendicular be let fall on the 
cgpo$ke ride, or beue, the tangents qf the eegmente of the angle aire to 
<m$ mn§ikerai the Hgmmts^ the base. 
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Let ABO be the triangle. Let ftllihe 
perpendicular CD, on the aide AB. 

Take anj radius, as Cfn, and describe 
the arc which measures the angle (7. 
From n, draw qnp parallel to Ah. Then 
it is obvious Hiat np is the tangent of the 
angle DCB, and n^ is the tangent of the angle ACD. 
■ Now» by reason of the parallels AB and qp, we have, 
qn : fip^AD : JDB 

That is, iBJiJi CD : iaxk.DCB=AD : DB Q. E. D. 

PROPOSITION 6. 

Jff a perpmdkular he IdfaUfrcm any angle of a triangle to Us op- 
poeUe tide or base, ihia haee is to the sum of the other two sides, as the 
d^erenee of the sides is to the d^erence of ihe segments <fthe base* 
(See figure to proposition 5.) 

Let AB be the base, and from C7, as a center, with the shorter 
side as radius, describe the circle, cutting AB in G, AC mF, and 
produce ^(7 to J^. 

It is obyious that^^ij^ is the sum of the sides AC and CB, and 
AF is their difference. 

Also, AD is one segment of the base made bj the perpendicular* 
and BD^DO is the other; therefore, the difference of the seg- 
ments is ^6^. 

As ^ is a point without a circle, by theorem 1 8, book 3, we have, 
AFXAF=ABXAG 

Hence, . . AB:AF=rAF:AG Q,E.D. 

PROPOSITION 7. 

The sum of any two sides of a triangle, is to their difference, as 
the tangent of the half sum of the angles opposite to these sides, to 
the tangent of half their difference* 

Let ABC be any plane triangle. Then, 
by proposition 4, trigonometry, wie hare, • 

CB \ AC^=mx!L, A : %m,B 
Hence, 
CB+AC\ (75— J(7==8in.^+ffln.JJ : sin.^— «n.i? (th. 9 b. 8) 
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But) tan. t — - — j : tan. ( — — ) :=wi.A+sm,B : nnJi-^-anJ) 
(eq.(l),trig.) 

Comparing the two latter jproparticfDa (th. 6, b. 2), we hare, 

(XB+^a : ai^^C7=tan.,(:^±^):tan.(:^^ Q. S. D. 



PEOPOSITION 8. 

Cfiven the three eides of any plane iriatiffle, to find same reUUion 
which they must bear to the sinee and eosines €f the respective amgles. 

Let ABC be the 
triangle, and let the 
perpendicular &11 
either upon, or 
without the base, 
as shown in the 
figures ; and by 
recurring to theorem 38, book l, we shall find 

2a ^ ^ 

Now, by proposition 3, trigonometry, we have, '' 

jR : coa.C=^b : CD 

Therefore, . C'J?^— ^ (2) 

Equating these two values of CD, and reducing, we hare, 

"^'^"^ 2ah (^) < : n 

In this expression we observe that the part of the numerator 
which has the minus sign, is the dide opposite to the angle ; and 
that the denominator is twice the rectangle of the sides adjacent 
fb the angle. From these observations we at once draw the ffA" 
lowing expressions for the cosme ^, and cosine B. 

Thus, . cos.>ii= ^ 2bc ' ^^^ 




C08.^'» ^ ' ^y < (p) 



iac 
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Am tliese ezpresaioiiiK are not eoiiTesieiit for logndunic comjm- 
ta&m, we modify them at follows : 

If we put ia^A, in equation (St), we haret 
cot.^+l»:2ooa.'i^ 

In the preceding expression (»), if we consider radios, unity; 
and add 1 to both members, we shall haTe« 

Therefore, 2 cos.' 1-4— ^r- 



.(^+0^- 



niS 



OaadiMag (Hr* ) aa om qnauftji, aad cbsenring that we hare 
dw d M are noe of Iwo jf u w i ft , theiiefare 

,,^ \—r-)\—i — ") 

Or, . . cos/J-4= r- 

By patting -^ — as«, and extradmg square root, the final 
result for radius unity, is 

cos.i^=«^/-i-^ 
For any other radius we mus t write. 



By mference, cos.4^ssW — ^ ^ 

Also, • . co8.jC7=5^ — i-^ 



] 



In «?ery triangle, the sum of the three angles must e^^nal 180®; ssid 
if one of the angles is small, the other two must be compsratively 
lirge; if two of them aro small, the third one must be large. Tbe 
greater angle is always opposite the greater side ; hence, by merely 
inspecting the given sides, any person can decide at once which is the 
greater angle ; and of the three preceding equations, Hial one should 
be taken which applies to the greater angle, whether that be the par- 
ticular angle required or not ; because the equations bring out the 
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eSA^Mfr to'th€i>aiigle« ; vid the tbsineB, to very small arcs vary 00 slowly, 
' that it may be impossible to decide, with sufficient numerical accmacy 
to what particular arc the cosine belongs. For instance, the cosine 
9.999999, carried to fbe table, f^ppjies to several arcs ; and, of course, 
we should not know which one to take ; but this difficulty does not exist 
when the angle is large ; therefore, compute the largest angle first, 
and then compute the other angles by pFopdsition 4. 

But we can deduce an expression for the sine of any of the angles, 
as well as the cosine. It is done as foUov^s :. •. 

EQUATIONS FOR THE SINES OF THE ANGLES. 
Resmning equation (m), and considering radius, iinitiy, we hare, 

coa;C7a» ■ , ■ ■ 

Subtracting each member of this equation from 1, girea 

'-«*--(^^) (■) 

Making 2a=s(7, m equation (32), then a^^O^ 

And . . 1— cos.(7s=2sm.'i(7 (2) 

Equating the ri^ht hand members of ( 1 ) and (2), 

i^^C ^^ 

2a5 

.. . (^)(^' ) 

Or, , . -.«m.»i<7=-r ^j— — • 

Bat, . f±J=?=f±|!:f_<. and f±±Z^«f±|t?-4. 

Put . \. = », as before ; tKeni, 



Mn4C=-v/! 



i^-aX»-b) 



B7 taidng equation (j>), and operating in the same maoni^, we 



From (n) . . w^A= ^*~^'>^~^ 



mn^B^yf- 



mn^ 
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The preceding results are lor ndini imity; for an} odier 
radius, we must multiply by tbe number of units in such radiu' 
For die radius of the tables» we write JR; and if we put it under 
the radical sign, we must write £^; hence, for the sines corres- 
ponding with our logarithmic table, we must write the equations 

ac 

A large angle should not be determined b j these equations, for 
the same reason that a small angle should not be determined from 
an equation expressiqg the cosine. 

In practice, the equations for cosine are more generally used, 
because more easily applied. 

In the preceding pages we hare gone orer the whole ground of 
theoretical plane trigonometry, although several particulars might 
have been enlarged upon, and more equations in relation to the 
combmations of the trigonometrical lines, might have been given ; 
but enough has been given to solve every possible case tiiat can arise 
in the practical application of the science. 

By the application of equations (}), (31), and (32), the table 
of natural sines and cosines has been computed. 

The operation is as follows. The sine of 30^ it half radius; 
making the radius unity, equation (1) gives 
i+cos.« 30<^=1 : whence cos.* 30®=:} or cos. 30^34^3; 

Erom (32) we have, 8in.a=,y/l^^s[^ 

Making 2a=:30^ then sin. lB^=(i — i«/3)^"*0.26881904 

From (31) we have, eos.a=/y/H:co8^ 

Making 2a=30^ as before, co8.a=(^+iV3 )^^0.96592682 
Having «ne and cosine of 15^ the second application of these 

equations will give the sine and cosine of the hiedf of 16^, and so 

on through as many bisections as we please. 
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Being desirous of giving a fall exposition of tbe formation of 
table II, we give the following geometrical demonstration of equa- 
tion 30, by the help of the figure in the margin. 

Let the arc JJ)=:2a 
Then 2)<7=sin.2a, 0G=^eoa.2a, 
J)I sssin. a, AD^i sin. a, 
CI ssreos. a, DB =2i> Os=:2 cos. a. 
The angle DBA being at the circum- 
ference, is measured by half the arc AD, 
or by a. 

Now, by applying prqKxdtiim 4 to the triangle DBO, we have 
sin. DBG : DG— sin. 90** : BD. 

The sin. DBG=ssaL a, and sin. QO^aael, the radius being unity; 
therefore, the preceding prop<»ii<m becomes, 

sin. a : sin. 2aa:i : 2 cos. a. 
Whence 2 cos. a em. aassin. Sa. (Same as eq. SO.) 

PROBLEM. 

CKven the sine and cosine of an are, to find the sine and cosine of 
one half that arc. 

Designate the ^ven arc by 2a, the radius by unity, and whatever 
be the value of a, equation (1) gives 

cos.*a+sin.*a=l (»») 

It is proved m proposition 1, that the sine of 30° is half the radius: 
therefore, let 9xi^20^, then sin. 2a£=i0.6 : and equation 30, just 
demonstrated, gives 

2 COS. a sin. a=0. 6. {n) 

Add {m) and (n), and extract the square root of both members. 

Then co0.a+«in.a«1.22474486 (o) 

Subtracting (») from (w), and extractmg square root, gives 

COS. flH-sin. a=0.70710678 {p) 

By subtracting, and adding (jp) and (o), and dividmg by 2, we 
find 

sb. a=8in. la"" =0.2588 1904 
COS. a=s:cos.l5®s0.9659258!^ 



^r- 
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Nowlet2a=:16^ Then 

cosya-J-sm.* a== 1 . 
and ico8.a8m.a=0.25881904 

Operating as before, we find 

^ . .am^asnn. l"" SCKsrO. 130626 192 
:: eee; d=cos. 7** 3(y =0.9914447870 

* Agtun^pat ' i2a=s7®30' then as before, 

co6.'a*|-8m.'a^l 

- ' 9^. a sin. a=0.1305261921 

•...•• :i ;...■ ... . • . . . • . • •■•• • " 

These equations giro 

sm. a^sia. 3<> 46'=s0.0654031291 
eos. aa^cos. 3^' 45^0.9978589222 
Thus we can bisect the arc as many times as we please. After 
Jive more bisections, we hare 

sin. a=8in. 7' 1" 52J'"«=0.O020453077 
cos.a=:co8.r 1" 52J'"=s0.99999799 
As the finnes of aU arcs under 10^, may be considered as coin- 
dding with the arc, and yarying with it, we can now find the sme 
of r by proportion. 
Thus, r 1" 52f " : r : : 0,0020453077 : sm. 1 
Or, 25312.5"' : 3600 : : 

Or, 10125 : 1440 : : 0.0020453077 : sin. 1' 

Whence an. 1 '=0.0002908882 

sin.2'=:0.0005817764 
8m.3'=0.0008726646 
In formula (B) equation (1 1), we find 

sin. (a+6)+sin. (a — 6)=2 sm. a cos. b 
Now, if a=3'andi=r 

sin. 4'+sin. 2'=2sin. 3' cos. 1' 

We have already sin. 2' and sin. 3', and cos. V does not sensibly 
differ from unity, therefore 

1^. 4'=:2 sin. 3'— sin. 2'=0.001 1635528 
sin. 5's=2 sin. 4' cos. 1 — sin. 3' <kc. <kc. to 15' 
When the sme of any arc is known, its cosine can be found by 
the following formula, which is, in substance, equation (1) trigo- 
nometry COS. ass J( 1 +sm. a) ( 1— sin. a) 
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la fommla (A) eqiiati<m (7) we find that 

sm. (a-|-5)s88m. a cos. b+coB. a sin. ft 
Now, if we make a=30^ and bss4' Then 

am. assO.6 cos. a»^73=r0. 8660254 
sin. ft==0.001 16365 cos. ft=:0.999999323 
Whence 
on. (30° 4')=(0.5) (0.999999323)+(0.8660254) (0.00116365) 
^=0.499999661 + 0.0010007620 

=0.601007281 
Equation (8) g^res 

sin. (29'' 66')=:0.498992041 
When iJie sine and cosine of any arc are both known, the sine 
and cosine of the half or double of the arc can be determined by 
equation 30 ; — and thus, from equations (30), (7), (8), (11), and 
(1), the sines and cosines of all arcs can be determined. 

But these sines and cosines are expressed m natural numbers, to 
radius unity, hence they are called natural sinei and natural eatinei, 
and they are all decimals, except the sine of 90° and the cosine of 
O^, each of which is unity. 

To form table II, we require logarithmic sines, and cosines, which 
are found by taking the logarithms of the natural sines and cosines, 
and increasing the indices by 10, to correspond to the radius of 
10000000000. The radius of this table might haye been greater or 
less, but custom has settled on this yalue. 

To find the logarithmic sine of T, we proceed thus, 

Nat. sin. 1 '=0.0002908882 log. —4. 463726 
To which add lO 

The log. sme of T, therefore is 6. 463 726 

Nat. sm. 3'=0.0008726646 log. — 4. 960 847 

Add lO 

Log. sin. 3' therefore is 6. 940 847 

Thus the logarithnodc sine and cosine of all arcs are found. After 

the logarithmic sine and cosine of any arc have been found, the 

tangent and cotangent of the same arc can be found by equations 

(3) and (6), and the secants by (4); that is, 

♦o« ^ JBsin.a ^ . ^_^cos.a ^^^ ^ B^ 
tan. a=: cot. a= — ; sec. as: - 



cos a sm.a cos. a 
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Far example, the logaritliiiiic sibe ef 8^ 0* 9'.919<99» tati its 
eoame 9.997614. IraB these, ftid Iml, oot» ud secant. 

12 an. t^M9tS5 

Cos. - - <> - sabiract 9-.997614 
Tan. is 9.021621 

Ji^cos. 19.997614 

an. ... sabtraet 9.019236 

Cotan. is ... • 10.978379 

Ji^is 20.000000 

Cos. . . - - Sftblwct 9.997674 

Secant is 10.002326 

Thus we find all the mfiterifda,for. 

TABLE II. 
This table contains logarithmic sines and tangents, and natural 
sines and cosines. We shall* cjonfine our eiqplanatioBS to the loga- 
ridimic sines and oosines* 

The sine of eyerj degree and minate of the qnadl-ant' is giren, 
directly, in the table, commencing at 0° and extending to 4&*, at 
the head of the table ; and from 46^ to 90'',. at tba £soiof! the table, 
increasing backward. 

The same column that is marked sine at the top, is marked ooaiBe 
at the bottom ; and the reason for this is apparent to any one who 
has examined the definitions of sines. 

The difference of twoeonsecutiTe logarithms is girenj correspond- 
ing to leu seconds. Bemo^mg the decimal point one figure will 
ffve the difference for <m$ second ; and if we multiply this difference 
by any proposed number of seconds, we shall ha^e a difference 
corresponding to that number of seconds, above the logarithm, 
corresponding to the preceding degree and minute. 
For example, find the sine of 19" 17' 22^'. 
The sine of 19" 17', taken directly from Uie table, is 9.618829 
The difference for 10" is 60.2; for 1", is 6.02x22 133 

Hence, 19" 17' 22" sine is 9.618962 

From this it will be peroeiyed that there is no d^imlty in obtaining 
the sin* or tan., cos. or cot,« of any angle greater than 30^. 
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CoBVttiely. Given tke logarithmic me 9.988412, to fiad its coires- 
ponding arc. The sine next leas in the table, ia 9.982404, and givea 
the arc 73^ 48'. The difference between this and the g^ven sine, is S, 
and the difference for 1", ia .61 ; tiierefcM, the number of seconds cor- 
responding to 8, must be discovered by dividhig i by the dedlnal J6I) 
which gi!v<es It. Hence, the arc sought U T3^ 48' 13''. 

These operations are too obvious to reqwn a rule. When the arc 

is very flmaJI* s«ch arcs aa are sometimes required in astronomy, it ia 

necessary to be very accurate ; and for that reason we omitted the 

dilforence for seconds for all torca under tO'. Aadmaiifti^ tial the iihea 

and tangento of arcs under 80^ wy in the tmam proportion aa the aroi 

themselves^ we can find the sine or tangent of any very small arc to 

great accunu^, as follows : 

'The rine ^ 1', as expresaid in dui tabte, ia « ,. 6.46iTlt 

Divide this by 60 ; that is, subtract logarithm • • 1.778161 

The logarithmic akie of 1", therefore, ia . • . 4.086676 

Now, for the td&e of 17"» add the logarithm of IT . 1.2304^ 

Logarithipic sine of 17", is 6.916<M4 

In ^e same manner we may ind the abie of aagr oAer aaell are. 

For example, find the sine of 14' 2lf | that is, 80Y"« 

To logarithmic aine of 1", !%«.... 4.686676 

Add logarithm of 861.6 2.936266 

Logarithmic aine of 14' 21^^" 7.620830 

Witfaoat fonher preliminarieap we may now proceed to practical 
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a. In a ri^tangfled triangle, ABC, ghren 
the base, AB, 1214, and the angle A, 61^ 40" 
80", to find the other parts. 

To find BC4 

Aazadina . < 10U)00000 
: tan.A 61^ 40' 30" 10.102119 
:: AB 1214 . 3.084219 
i BC 1586.8 . 3.186338 
N. B. When die firit term of a logarithmic prepertieai ia raKuSf 
the resulting logarithm is found by adding the second and th&d Iqga- 
rithms, rejecting 10 in the index, which is dividing by the first term. 

In all cases we add the second and third logarithms together; which, 
in logsrithfDiB, is anItiptyliQg tbeee lenkf togedMr; md tfw^ tiust mm 
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we subtract the first logarithm, wliateyer it may be, wUcb is 
diyiding by the first term. 

To tai AC. 
As siiL O; or 008. j1 SI"" SO' 40'' • - • 9.792477 
: ABn\4 - . . 3.084219 

: : Badius - - • 10.000000 



: j4(71967.7 - - - 3.291742 

To find this resulting logarithm, we subtracted the first logarithm 
firom the second, oonceiying its index to be 13. 

Let JJ? (7 represent any plane triangle, right angled at £, 

1. Given AC 73.26, and the angle A 49'' 12' 20" ; required the 
other parts. 

Ans. The angle 40'' 47' 40", BCBBM, and AB 47.87. 

2. Oiren A£ 469.34, and the angle A 61'' 26' 17", to find the 
other parts. 

Ans. The angle SB^' 33' 43", jS(? 6B8.5, and AC 752,9. 
3* Given AB 493, and the angle (720® 14' ; required the remain- 
ing parts. Ans. The angle A 69"* ^',BC 1338, and wi(7 1425. 

It is not necessary to gire any more examples in right angled 
plane trigonometry, for every distance in the traverse table is but the 
hypotenuse of a right angled triangle, and its corresponding latitude 
and departure form the sides of the triangle. 

^any one should suspect anerrorin the traverse table, let him tesi U 
ly eompudng the triangle anm. 

OBLIQUE ANGLED TEIGONOMETRY. 

Of the six parts of a triangle, three sides and three angles, three 
of them must be giren and one of the ^ven parts must be a side. 
The subject presents four cases. 

1. When two sides are given, and an angle opposite, one of them. 

2. When two sides are given, and the induded angle. 

3. When one side and two angles are given. 

4. When the three sides are given. 

The principles previously demonstrated are sufficient, and indeed 
ample, to give all solutions that can come under any one of these 
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cases. The operator must use his onn judgment m applying these 
principles. 

We gire an example in each case, which, with the incidental 
examples, triQ 1^ sufficient to fix the principles in te mind of the 
operator. 

EXAMPLE 1. 

In amf^plane triangle^ gwm cm side ixnd the two adjaeetU anffhi, to 
find the other sides tmd angle. 

In the triangle ABC, giyen ^^=376, the angje A'b4B'^ S\ and 
the angle ^^=40'' 14', to find the other parts. 

Am tiie snai el tlie Hiroe angles of eyery triangle is equal to 180% 
Hw tUid angle CmiiBt be 180''— Sd"" ir=91'' 43'. 

r«aT:BUMBll TALLY. 

Take 376 fitan tiie scale, by means of the diyiders, and place it 
on paper; maiang one eartxemity of the line A, and the other 
extremity B. From A^ by means of the protractor (or otherwise), 
make the ai^le ^=48^ 3', and from B, make the ang^e 
^eB40'' 14'. The intersections (^ the lines AC, BO, will give the 
angle C, which being measured will be found to be a UUie more 
than a right angle. 

Take ^C7in the dividers, and apply it to the scale, and it will be 
found to be 243 ; and ^(7 will be found to be 279.8, if the projeo* 
don is accurately made; but no one should e^ect numerical accuracy 
from this mechanical method. 

N. B. Our figures in the book do not pretend to aocuncy, thoy fhonid bo 
drawn on paper on a larger scale. 

BY LOGABZTHMS. 

To find -4 (7. 

As sin. 9^43' - - - 9.999806 

: ^^376 - . . - 2.675188 

:: sfai.^^40<'14' - - - 9.810167 

1 2.386355 

: j4(7243 - - - - 2.385650 

Observe, that the sine of 91'' 43' is the same as the codneof T 4^, 
6 
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To find BG. 




As sin. 91^ 43' . - . . 


9.999806 


; v4«376 


- 2.676188 


: : «n.-4 48**3' 


9.871414 




12.446602 



J?(7 279.8 



2.446797 




EXAMPLE 2« 

In a plane triangle, given two eidee, and an angle oppoaiie one of 
them, to determine the other parts. 

Let ^i>= 1761 . feet, one of the giren 
sides. The angle i>=31° 17' 19", and 
the side opposite, 1267.6. From these 
data, we are required to find the other 
side, and the other two angles. 

In this case we do not know whether 
AC or AE represents 1 267.6, because 
A C=:AB. If we take A C for the other giren side, then i>(7 is the 
other required side, and DA C is the yertical angle. If we take AB 
for the other given side, then DJS is the required side, and DAJS is 
the vertical angle ; but in such cases we determine both triangles. 

15STBUMENTALLY. 

Draw DE indefinitely — from the point 2> make the angle 
i>=3n7'. ^2>=1761., but caU it 176.1, which take from the 
scale. Place one foot of the dividers at D, the other foot will extend 
to A, thus finding the point A, 

Take 126.76 in the dividers, place one foot at J as a center, and 
with the other strike an arc, cutting DE m C and E. Join A C, 
AE, and one or the other of the triangles A CD ADE, will be the 
triangle required. DC and DE applied to the scale, will give one- 
tenth of the required side, and the angle E or DC A, measured, will 
be one of the required angles. 

We can also take one hundredth part of the sides, as well as the 
tenth ; this will make no difiference with the angles, the triangles 
thus formed will be similar. 

In that case AD^=. 17.61, and the side sought will be 23.64, which 
can be changed to 2364. 
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To fold the an^ E^C. 

(Prop. 4.) ABjl(?s=Afi^= 1267.6 log. 3.099608 

: JDSV ir 19" sin. 9.716460 

: : AD 1761 kg. 3.243286 

12.968746 



B= (7 : 46"" 18' sin. 9.869238 

From 180'' take 46"^ 18', and the remainder is the angle DOA 
=133^42'. 

The angle DAC:=iAO£—J) (ik. 11, b. 1) ; that is, 
i>j4a=46*' 18'— 3r 17' 19"=16*'0' 41". 

The angles J) and JB, taken from 180*', give DAH^IOZ"* 24' 41". 

ToJindDO. 

Asmn.i>3ri7'19" bg. 9.716460 

: j4 a 1267.6 log. 3.099608 

: ; sin. DAO 16^ 0*41" log. 9.413317 





12.612826 


: -0(7626.86 


2.797166 


ToJindDJE. 
Assin.D31M7'19 
: ^^1267.6 
:: sm. 102° 24' 41" 


9.716460 
3.099608 
9.989730 




13.089238 



: 2>jE^ 2364.6 3.373778 

K. B. To make the triangle possible, ^Cmnst not be less than 
AB, the sine of the angle D, when DA is made radius. 

EXAMPLE 8. 

In amy plane triangle, given two sides and the included angle, to find 
(he other parts. 

Let j4i>=1761 (see last figure), i>jE^=2364.6, and the mcluded 
angle i>=4r 17' 19". We are required to find DE, the angle 
DAE, and angle E. Observe that the angle E must be less than 
the angle DAE, because it is opposite a less side. 
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ZVATft-UllBS TALLY. 

Take 2>J^ss:236.45 bom the soale (m near m pcMdble)^ and fixxm 
J) draw DJ^ maUng the giren angle 31" 17' 19". 

Take 175^1 from the scala» m the dSifiden^ and with it mark off 
DA. Job AE; and ADH-wSl be the triai^e in^neftion, and AE 
applied to the aoak will give the tetUh part of the aide sought ; and 
meaauring Hie «a^e E with the protractor (or otherwise), will 
detennine its ralue. 

BT LOGAXima. 

From .... 180*^ 
TakeD . • . . SI^H'W 

Sum of the other two angles =148*' 42' 41" (th. II, b. 1) 
^mim ... « 74^ 21' 20" 

By proposition 7, 

DE-^-DA : i>JB'— 2>J=tan. 74° 21' 20" : tan. ^ (DAE^E) 
That is, 
4115.5 : 613.5s=tan* 74'' 21' 20" : ^(JDAE'^E} 

T«L74°2r20" . - - 10.552778 

613.5 2.7a7815 

13.340593 

41 15.5 log. (sub.) 3.614423 

^DAE^E) tan. 28'' 1' 36" 9.726170 

But the half sum and half difference of any two quantities are 
equal to the greats of the two ; and the half sum, less the half 
difference, is equal the less. 

Therefore, to 74° 21' 20" 

Add 28 1 36 





2>^J^=102° 


22' 56' 






E^ 46 


19 44 






TofindAE. 






Assin.J^46° 


19' 44" 


- 


9.859323 


: DAMSl 


. 


- 


3.243286 


: : sin.i>31° 


ir 19" 


- 


9.715460 
12,958746 


: jli^ 1257.2 


• 


3.099423 
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BXAMPLB I. 
Owen the three sidee qf a plane triangU to find the angUi. 
Givenjl (7=1751, 05=1267.6, ^45=2364,5 
If we take the formula for cosines, we will 
eompate the greatest angle, which is (7. 
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Construct a triangle with the three given 
sides 236.45, 126.75, and 176.1, according 
to problem 16, chapter 1. The angles then measured will show 
their yalue. 
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B^ 






20.000000 


«=:2686.6 






3.429187 


«— C=r322 






2.607866 


Numerator, 




log. 


26.937043 


a 1267.6 




3.099608 




61761. 




3.243286 




Denominator, log. 


6.342794 


6.342694 






2)19.694249 


\a= 61M1'10" 


COS. 




9.797124 


(7=sl02 22 20 








he remaininfiT ansles may 


now 


be found by 


nroblem 4. 



We giye the following examples for practical exercises : 
Let ABO represent anj oblique angled triangle. 

1. Oiyen ^^697, the angle A W" 30' 10'', and the angle B iff 
30' 44", to find the other parte. 

Ans. jdC634, J?(?813, and the angle ObT 69' 4". 

2. K ^(?=:720.8, the angle A^IO"" & 22", and the angle B^ 
69® 36' 36", required the other parte. 

Ans. j4^ 643.2, JB (7 786.8, and the angle (760® 19' 6". 

3. Giyen JS (7980.1, the angle AT ^' 26", and the angle B 106® 
2' 23", to find the other parte. 

Ans. .^7284, j1 (7 7613.3, and the angle (7 66® 61' 11". 



SUBYETING. 

» b te art of nnuuiig defiiA» liiMn (A the ttirface o^ 
mrikf imiiiiiiim ihem, and jBndiiig the contents of lands ; and the 
ariqeet vto&maaStf iDdudes the measure of suriiEu^es generally. We 
flhafli IliflKCote Munnence with mensuration. 

MwuREcation is the application of the principles of Geometry, to 
the measure of surfaces and solids, and when lands are measured it 
is a part of mirreying. We fiball be very brief on mensuration 
proper, because the rules are so ample and obvious. For the 
demonstration of the rules, we refer to (Legendre and Robinson's 
Geometry.) 

All sur&oes are measured by the number of square units which 
(hey contain. The unit may be taken at pleasure ; it may be an 
inch, foot, yard, rod, mile, Arc, as convenience and propriety may 
dictate. 

The s^^iore uhU k alwmys ilie square of the Uaear unit. 

PROBLEM I. 

To find the area of a square, or a parallelogram. 

RuLB. — MMply the length ly the perpendictdar h'eadtk, and the 
product will be ihe area. 

(Leg. h. IF, prop. T« Rob. book I, Ul 29). 
L Wlttiis the area <tf a square whose sides are 6 feet 3 kkches ? 

Ans. 39/|- square feet. * 
f. How many •qoan feet axe k a board that ii 13^ feet long 
and 10 inches wide ? Ans. 1 1^ square feet. 

3. A lot of land is 80 rods long, and 45 rods wide, how many 
square rods does it costain» and how many acres ? 

Ans. 3600 rods, 22^ acres. 



• NoTB^ — Rednctioiia from one measure to SBilbHr tepe jm nfiKoace lotha 
lalwhste fivea. 
(70) 
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4. A nan bat^&t s ficnoa 198 rods long; nul 160 lodJB wide, at 
$52 per acre ; what did it cmne to f Ana. S5940. 

PROBLBll II. 

To find the area of a triangle, when the base and altifcade axe 
grren. 

Bulb. — MvUi^y one of these dimemioni ly hoUf the other, and 
ihe product wiU be the area required, 

(Leg. book 17, p. VI. Bob. book I, <h. SO). 

1. How many yards in a triangle whose base iis 148 ^t, and 
perpendicular 46 feet ? Ans. 370 yards. 

2. What is the area of a triangle whose base is 18| feet and ald- 
tade 26^ feet ? Ans. 231^ feet. 

PBOBLElt III* 

.Bweetiffoie and ywe a rtde for finding the area (/'a triangU when 
two eidee and their incTuded an^le are yiven. 

Let ABC be the triangles, AB, £0 the 
giyen sides, and B the giyen angle. 

Bepresent the side opposite to ihe angle A, 
by a, opposite 0, by e, and opposite ^, by b. 

Now a and c are the gtinen^ sides,. and by problem U, the area is 
\a(AD} (1) 

The trigometrical value of AD can be found frcon the rij^ht 
angled triangle ABD. 

Thus, sin. ADB :c:: eia.S: AD.. 

That is, 1 : c : : nn. ^ : AD. 

Whence AD=e sin. B. 

This yalue of AD substatutod in (1) gives 

\ae sin. jS= area A (2). 

This expression is the area of the triangle, and from it we draw 
the following rule. 

Bulb. — Take half the product <f the two given eidee and muUvply 
iibythe natural eine of the included angile, andthelaetjmduet will be 
(he area required^ . 
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1. One side of a triangle is 84 feet, another 90 feet^ and their 
mduded angle b 27'' 31'. What is the area? 

Ans. 1746.4 square feet 
27^ 31' Nat sine. - • - 46201 
\ae 3780 

3696080 
323407 
138603 



1746.39780 

When we nse logarithms we hare the following role : 
Rule. — To the logarithms qf the two sidea, add the log. sine of the 

induded angle ^ and the nun reeding tO, m ^ index ^ is the logarithm 

rf twice the area of the triangle. 

2. A certain triangle has one side 126.81, another equal 57.65, 
and their included angle 57° 25', what is its area ? Ans. 3055.7, 
125.81 log. 2.099715 

57.65 log. 1.760799 

57'' 25' sme 9.925626 



2 Area, 6111.4 log. 3.786140 

3. How many square yards in a triangle, two sides of which are 
25 and 21^ feet, and their included angle 45'' ? Ans. 20.8695. 

PROBLEM IV. 

Investigate and give a ride for finding the area of a triangle when 
the three sides are given. 

(See figure to problem III). Let A represent the area of any 
plane triangle, then by problem III 

A==\ae&n.B. (1) 

But sin. B=Z sin. ^B cos. iB. (Eq. 30, trigonometry). 

Therefore, A=ac, sin. \B cos. \B. (2) 

Now m proposition 8, trigonometry, we find 



and coe.i5=:A/fif=*2 (4) 
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The product of (3) into (4) is 



sin. ^B COS. |^=y *('-^)(^^)('-^) , (6) 

or ac sin. ^B cos. |^=^t(t— a)(«— 6)(#— ^). (6) 
By comparing (2) and (6) we perceive that 

Here * represents the half sum of a, b, and c, therefore, we have 
the following rule to find the area w^en the three sides are given. 

Rule. — Add the three tides toff ether and take half ilie stan. From 
the half sumtake each side eeparately, thus oUainiaig three remamdere. 
Jftddply the said half sum and the three remainders together ; the 
square root of tids product is the area reguimL 

1. Fmd the area of a triangle whose sides are 20, 30, and 40. 

Ans. 290.47. 
\ sum =46, 1st Rem. =26, 2d=16, 3d=6. 



745.25.15.6=7226 26.15=16.6^16=76(3.873)=290.474. 

2. How many acres in a triangle whose sides arc severally 60, 
60, and 40 rods ? Ans. 6\ nearly. 

3. How many square yards are there in a triangle whose sides 
are 30, 40 and 60 feet ? Ans. 66}. 

4. There is a triangular lot of land containing 8 acres, two of 
ite sides are 64, and 46 rods respectively ; what is the angle be- 
tmeen these sides, and what is the length of the remaining side ? 

Ans. The angle is 60"^ 26', or is supplement 119^ 36'. 
The side is 67.37 rods, or 96.636 rods ; the less angle oonres- 
ponding to the lesser side. 

In short, there are two triangles answ^ing 
to the conditions, the one is ABJS, the other 
ABC. They are equal because they are on 
the same base and between the same parallels. 
AI!= 67.37, A0 = 96.636. 
7 
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PROBLEM V. 

To fiDd the area of a trapezoid. 

Rule. — Add the two parallel Bvden together^ and take half the sum. 
Multiply thie half sum hy the perpendicular distance between the sides. 

Or, The sum of the parallel sides multiplied by their distance 
asunder will giye twice the area. 

(Leg. book IV, prop. VH. Rob. b. I, th. 31 ). 

RsMAKK^ — The application of this problem it the most iroportaDt of any 
in general ranreying, aa will appear in the aeqaely and if the geoinetrical 
theorem is not familiar to the itodent be ahould again leTiew it 

Ex. 1. In a trapesmd, the parallel sides are 760 and 1225, and 
the perpendicular distance between them 1640 links: to find the 
area. 

1226 
760 



1976X770=162076 square links =^16 acr. 33 perches. 

Ex. 2. How many square feet are contained in a plank, whose 

length is 12 feet six inches, the breadth at the greater end 15 

inches, and at the less end 11 mches? Ans. 13^^ feet. 

Ex. 3. In measuring along one side .il^of a quadrangular field, 

that side, and the two perpendiculars let fall on it from the two 

opposite comers, measured as below, required the content. 

AP= llOUnks 

AQ^ 746 

AB^ 1110 

Ci>= 362 

J9©« 696 

Ans. 4 acres, 1 rood, 6.792 perches. 

Here we perceire a trapezoid and two right angled triangles. 
N. B. A chain is 4 rods, and contains 100 links ; 10 square 
chains make an acre. 

PROBLEM VI. 

To find the Area of any Trapezium. 

Dtvids the trapeziimi mto two triangles by a diagonal ; then find 
the areas of these triangles, and add them together. 
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Or thus, let fiall two perpendiculan on the diagonal from the other 
two opposite angles ; then add these two perpendiculars together, 
and multiply that sum by the diagonal, taldng half the product for 
the area of the trapezium. 

Ex. 1. To find the area of the trapeiium, whose diagonal is 42, 
and the two perpendiculars on it 16 and 18. 
Here 16+18=: 34, its half is 17. 
Then 42X 17= 714 the area. 

Ex. 2. How many square yards of paving are in the trapezium, 
whose diagonal is 65 feet ; and the two perpendiculars let fall on it 
28 and 33i feet ? Ans. 222^^ yards. 

When the sides of a trapezium, and two of its opposite angles are 
^yen, the most convenient rule for finding its area is found in 
problem III. 

Conceive CB joined, then the whole figure 
consists of two triangles and the whole area 
is found in the following expression 
{^AB X ACX sm.A) + (CD X DBXm, 
CDB.) 

B X A M P L B. 

In tl» quadrilateral AODB we have AO 16.7, CD 20.4, DB 
14.24, and BA 27.7 rods. The angle A 78° 16' and the opposite 
angle CDB 97° 30'. What is the area enclosed ? 

Ans. 356.65 square rods. 

PROBLEM VII. 

To find the area ef an uregular figure bounded by any number 
of right lines. 

Bulb. — Draw dioffonah dividing the figwtt into triangles. Fmd 
the areas of the triangles eofwmed and add them together for the area 
qftke whoU. 

Let it be required to find the 
area of the adjoining figure of 
five sides. On the supposition 
tliat -4(7=36.21 .E'(7=39.11 
ila=4.18 Bb=A and 2)^=7.26 
Ans. 296.129. 
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PROBLEM VIII. 

To find the area of a long irregular 
figure like the one represented in the 
margin, it is necessary to diride it into 
tr(q>ezaidi. Then find the area of each 
one of the trapezoids (hj problem Y .) and add them together for the 
whole area. 

If howeyer the trapezoids have equal distances between their 
parallel sides we can take a more summary process, which we dis- 
coTer by the following inyestigation. 

The trapezoid AI:FI)=z\ (a+b)XAK 
EOHF^\{h+c)XEO. 

On the sttppositicm that AE^ EO, 01^ Ac. are all equal to each 

other the sum of these is/a ,e\ ,„ 

[^'\'h+e+d+-^]xAE, 

which represents the area of the whole figure. 
From this we draw the following rule to find th6 area of a long 

taid narrow figure boxoided by a right line on one side, and a broken 

or curre Hne on the other, to which of sets tare made at equidistant 

points along the right fine. 

RuLB.— ^«ief the iniermediate breadths or (f sets together, and the half 

9um of the extreme one : then multydt/ this eum hyomofth£ equal parts 

of the right line, the product will be the area required, very nearly* 
1. The breadths of an irregular figure at five eqnidistant places, 

being 6.2, 6.4, 9.2, 3.1, 4.2, and the length of the base 60, what is 

tiiearea? 
Mean of the Extremes 5.2 

Sum of 6.4, 9.2, 3.1 IJlL 

Sum 22.9 

One of ihe equal parts 1_6 

114 6 
229 
Areas5s34S.6 

• In can DF, PH, &e. an right lines we riball have the area exactly, if they 
Kte othet than Hght linen the area will be nearly. 
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2 The length of an hregnlar figure being 84, and the breadths 
at ox equidistant places 17.4 20.6 14.2 16.5 20.1 24.4 ; what 
is the area ? Ans. 1560«64. 

PROBLEM IX. 

To find the area of a circle, also any sector or segmt;nt of a 
circle. 

Rule 1. — Tht area of a circle is foumd by multiplying the radimi 
ly halflkt circumference. 

(Leg. book V, prop. 12. Rob. book V, th. 1.) 

Rule 2. Mdtiply the square <f the diameter by the decimal .7864. 

When the radius of a circle is 1, the length of one degree on the 
circumference is 0.01745 and the whole circumference is 3.1416. 

The radius and the circumference increase and decrease by the 
same ratio, therefore the length of any arc corresponding to any 
radius is easily computed. 

A sector of a circle is to the whole circle as the number of degrees 
it contains is to S60. 

The area of a segment of a circle as FAJS, 
may be found by first finding the sector FC£, 
and from it taking the area of the triangle 
jrCK 

This same triangle added to the greater sec- 
tor will give the greater segment. 

These principles and rules are sufficient to 
solve the following examples which are given merely as educational 
Exercises. 

1. What is the area of a circle whose diameter is 10 ? 

Ans. 78.64. 

2. What is the area of a circle whose diameter is 20 ? 

Ans. 4 times 78.54. 

3. What is the area of a circle whose circumference is 12 ? 

Ans. 11.4595. 

4. How many square yards are in a circle whose diameter is 3|- 
&et? Ans. 1.069. 

5. Find the length of an arc of 20°, the radius being 9 feet. 

Ans. 3.141. 
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6. Find the length of an are of 60% the radius being 18 feet 

Ans. 18.846 

7. To find the length of an arc of 30 degrees, the radius being d 
feet Ans. 4.7115. 

8. To find the length of an arc of 12^ 10', or 12^^, the radius 
bemg 10 feet Ans. 2.1231. 

9. What is the area of a circular sector whose arc is 18^ and the 
diameter 3 feet ? Ans. 0.35343. 

10. To find the area of a sector, whose radios la 10, and arc 20. 

Ans. 100. 

11. Required the area of a sector, whose radios is 25, and its 
arc oontainmg 147<> 29'. Ans. 804.3986. 

12. What is the area of the segment, whose height is 18, and 
diameter of the circle 50 ? Ans. 636.375. 

13. Required the area of the segment whose chord is 16, the 
diameter being 20 ? Ans. 44.728. 

14. What is the length of a chord which cuts off one-third of 
the area from a circle whose diameter is 289 ? Ans. 278.6716. 

15. The radius of a certun circle is 10 ; what is the area of a 
segment whose chord is 12 ? Ans. 16.35. 

16. What is the area of a segment whose height is 2 and chord 
20? Ans. 26.88. 

17. What is the area of a segment whose height is 5, the diame- 
ter of the circle being 8 ? Ans. 33.0486. 

PROBLEM X. 

To find the Area of an Mtpse. 

Rtjue. — Mtdi^y the two eemi-axee together and their prodtict by 
3.1416. (See conic sections). 

1. Required the area of an Ellipse whose tw;o semi-axes are 25 
and 20. Ans. 1570.8. 

2. The two semi-axes of an Ellipse are 12 and 9; what is its area ? 

Ans. 339.29. 
To find the area of any portion of a parabola we muUijily t%e 
hose by the perpendicular height, emd take two-thirds eftheprodwAfor 
Ike area reqw/red. (See conic sections). 
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Required the area of a parabola, the base being 20, and the alti- 
tude 30. Ana. 400. 

The surfaces of prisms, cylinders, pyramids, cones, Ac, are found 
by the application of the preceding rules. 

From theorem 16, book VII, €kometry, we learn that 

!I%e convex sufface of a sphere is equal to the product of its diam/S' 
ter into its drcun^erence. 

The sufface qf a segment is equal to the drew^ferenee of the sphere, 
tmdtiplied into the thickness qf the segment. 

In the same sphere, or in equal spheres, the suTfaees qfdiffeteniA mg^ 
mads are to each other as their altitudes, 

MENSURATION OF SOLIDS. 

Br the Mensuration of Sdids are determined the spaces included 
by contiguous surfiEices ; and the sum of the measures of these 
including surfaces, is the whole surface or superficies of the body. 

The measures of a solid, is called its solidity, capacity, or 
content. 

SoHds are measured by cubes, whose sides are inches, or feet, or 
yards, <kc. And hence the solidity of a body is said to be so many 
cubic inches, feet, yards, Ac, as will fill its capacity or space, or 
another of an equal magnitude. 

The least soUd measure is the cuUc inch, other cubes being taken 
from it according to the proportion in the following table, which is 
formed by cubing the linear proportions. 

TaMe qf CtMc or Solid Measures, 

1728 cubic inches make 1 cubic foot 

27 cubic feet 1 culnc yard 

166f cubic yards 1 cubic pole 

64000 cubic poles 1 cubic furlong 

512 cubic furlongs 1 cubic mile. 

As the mensuration of solids has little to do with surveying or 
navigation, we shall leave this subject after simply stating the fol- 
lowing truths, which are demonstrated in solid geometry. 

In fact, these truths may be called rules for practical operations. 
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1. The iolidUy qf a aibe, parallelepiped, prism, or qfUnder, ie 
found hy muUiplyinff the area <^ its base ly the altitude. 

2. The solidity qf a pyramid or cone is found hy multiplyh^ the 
base by the aliiiude, and taking one-third qf the product. 

3. The solidity qf the frustum of a pyramid or cone is found by 
ealculaiiny the solidity of the pyramid when complete, and subtracting 
from it the solidity of the part remoeed ;ot find the area of the top 
and bottom of the frustmn, and the mean proportional between theee 
two areas. Add these three quantises together, and multiply the 
eum by one-third of the altitude of the frustum, and the product 
will be the solidity sought. 

4. Cfuaging is performed by considering a cask to be made up of 
twofrustums of cones placed base to baee, and applying the rules for 
the measurement of such solids. 

6. The solidity of a sphere is tuHhthirds of the edidity of ile dr- 
cumseribing cylinder. 



CHAPTER I. 

MENSURATION OF LANDS. 

Lahds are not only measured to find their areas, but their exact 
positions must be ascertained, the direction which each line makes 
with the meridians, or with the north and south lines on the earth. 

The boimdaries of each tract of land are referred to that meri- 
dian which runs through or by the side of it. 

All meridian lines meet at the poles, therefore they are not 
parallel, (except at the equator,) but the poles are so far distant 
that no sensible error can arise from supposing them parallel, and 
all surveys are made on the supposition that the surface of the earth 
is a plane and the meridians parallel. When large surveys are 
made, like a county or a state, the spherical form of the earth 
should be taken into consideration. 

Meridian lines in surveys are usually determined by the magnetie 
needle, but the needle does not settle exactly north and south, gen- 
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«ral1y speaking, and the direction which it does settle is called the 
ma^ndic meridian, 

8arveys are often made by the magnetic meridian as the true one, 
and this woald answer every purpose, provided the difference be- 
tween the niagnetic and true meridians were every where and at all 
times the same, but this is not so. 

The magnetic meridian is variable, and for this reason it is very 
difficult to trace old lines, unless visible monuments are left, or 
unless the record refers to the true meridian. 

Lines are generally measured by a chain of Q% feet or 4 rods in 
length, containing 100 links , each link is therefore 7.92 inches. 

The area of land is estimated in acres and hundredths, formerly 
in acres, roods, and perches, but the modem method is more simple 
and convenient ; we have a clearer conception of 36 himdreths of 
an acre than we have of 1 rood and 16 perches. 

An acre is equal to 10 square chains or 100,000 square links. 

We may note down the length of a line in chains and hundreths, 
or in links only, for it is nearly one and the same thing : thus, 12 
chains and 38 links may be written 12.38, or 1238 links. 

The area of a field may be found by measuring with the chain 
only, and dividing it into rectangles and trianglesy and computing 
each of titem wtptanMj, according to the rules laid down in men* 
snration. 

The most conmion method for measurii^ a field for calculation, 
is, to take the length of all the ttdes of the field with the cham, and 
their bearings with the surveyor's compass. With these notes an 
accurate plan or plot of the field may be made on paper, and then 
its contents ascertained by cutting it into triangles and measuring 
their bases and perpendiculars with a scale and dividers. A very 
little instruction from a teacher will enable the student to practice 
this method with success ; yet no instrumental measures pretend to be 
numerically accurate, they are hU approximately so, 

TO MEASUBS A LIHX. 

Provide a chain and 10 small arrows or marking pins to fix one 

mto the ground, as a mark, at the end of every chain ; two persons 

take hold of the chain, one at each end of it ; and all the 10 arrows 
6 
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are taken by one of Uiem who goes foremost, and is called t^^ 
leader ; the other being called the foUower, for distinction's sake 

A picket, or station-staff being set up in the direction of the line 
to be measured, if there do not appear some marks naturally in that 
direction, they measure straight towards it, the leader fixing down 
an arrow at the end of every chain, which the follower always takes 
up, as he comes at it, till all the ten arrows are used. They are 
then all returned to the leader, to use oyer again. And thus the 
arrows are changed from the one to the other at erery 10 chains' 
length, till the whole line is finished ; then the number of changes 
of the arrows shows the number of tens, to which the follower adds 
the arrows he holds in his hand, and the number of links of another 
chun over to the mark or end of the line. So, if there have been 
3 changes of the arrows, and the follower hold 6 arrows, and the 
end of the line cut off 45 links more, the whole length of the line is 
set down in links thus, 3645. 

In all these measures horizontal distances are required, and they 
are obtained, at least yery nearly, by holding the chain in a horizon" 
td position, both on ascending and descending ground. If the de- 
clivity is too great to admit of measuring a whole chain at a time, 
take a part of it, and in all cases the proper position of the elevated 
extremity should be determmed by a plumb line. The reason of 
these operations is obvious by the 
adjoining figure; we require the 
line AB, and not the line along 
the groimd as ^C 

AB=^ah+cd+fG. 

It is not only necessary to 
measure lines but we must also 
know their direction or the angles 
which they make with the meridian. 

This is commonly determined by means of the 
survstob's oompass. 

The surveyor's compass consists of a horizontal circle to which 
are attached sight-vanes and a magnetic needle delicately balanced 
on its centre. 

When the compass is set, that is, standing in a free horizontal 
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pontion and the needle free to move on the center, the needle will 
keep the magnetic meridian, and the circular plate may be turned 
under it to bring the sight-yanes to any line ;— the needle will then 
point out the degree of inclination which the line makes with the 
meridian. 

It is important that this part of the subject be most clearly under- 
stood by the learner, we therefore give Uie foUowing minute illus- 
tration of it 

Za the reader now face the north with the book open before him, his 
right hand is then toward the east^ and his left hand toward the 
west. 

The following fig- 
ure represents the 
compass set to tJie 
magnetic meridian, 
that is the sight-yanes 
Vv and the needle 
lie in the same direc- 
tion. The degrees on 
the plate are num- 
bered both ways from 
iTandiSto-^and W. 

At the first yiew 
of this subject, it has 
surprised many to 
find W for iffestGii the 
right hand toward the 

east, and JE in the 

direction toward the west. The reason of this is explamed by the 
next figure. 

Suppose we wished to find the direction of a line from the center 
of the compass to the object B. We set the compass, that is 
place it horizontal on its staflf or tripod, the needle will take the 
same direction as m the first figure, parallel to the margin of the 
paper; 

The sight-yanes Vv are turned toward the object B which turns 
the whole plate, but the needle retains its position. 
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We now ftad the 
degree pointed oat 
by the north end of 
the needle, and we 
jBnd it to be about 
50'' on the arc | 
between N and E^ [ 
showing that the 
course or direeUan 
from the center of the 
compass toBia North 
about 50^ toward the I 
Saat — aresottobTi- 
oady true. 

Tunung &e nght- 1 
ranea toward the 
nordi weat w31 brmg 
tiie arc between JTand IT to the north pomt of the needle. For 
example^ if it were required to run a line North 31° West, from a 
certain point, all we have to do is to set the compass over that point, 
level the plate, see that the needle is free to move on its pivot, and 
80 turn the jdate that the north end of ihe needle will settle at 31° 
between y and W, the renge of the sight-vanes will then show the 
required line. Proceed in the same manner to find any other line. 

Care should be taken th&t no iron or steel comes near the compass 
while operating with it To insure a correct portion of the needle 
ie the principal difficulty, but if it settles with a free motion, descri- 
bing nearly equal arcs, slowly decreasing on each side of a given 
point and finally rests £^ that point, it operates well, and may be 
relied upon. 

In whatever direction we run, the north point of the needle should 
always lie on some part of the north side of the plate, that is, neanjr 
to N than to <S and this can always be except when we run due east 
or west per compass. 

Lines should be tested by taking hack sights or reverse bearings, 
which will be exactly in the opposite point of the compass, in case 
there is no local attraction to disturb the needle. If the line just 
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nm orer does not correspond to tbe exact opposite point of the • 
pass, it shows carelessness m running or some local attraetion of the 
needle. We fl^all show how to OY^roome this last diffieolty fur- 
ther on. 

Compasses are usually marked to half degrees, some of them are 
subdiyided to one fourtib degrees, but by the aid of a ntmkr 9cak 
we can theoretically read the arc to om minute of a degree. 

DSSOBIPTIOK OV THS VSRNIXR. 

The vernier to a compass is on the outer edge of the graduated 
limb. Jtis a sUp of metal made to fit ihegradwsUd limb <^an instru- 
ment, and the equal divisions upon it are so made that n divisions on 
the vernier will cover nd=l divisions on the limb. 

The yemier of the compass is on the outside of the dial plate and 
it is firmly attached to the bar that holds the sight-vanes. The 
dial plate can be moved to and fro along it by means of a screw. 

The vernier is used when the needle points between two divisions 
on the limb : the dial plate is then gently moved by the screw until 
the needle points exactly to the preceding division on the limb, this 
being done, that division on the vernier which makes a right-line, 
that is, coincides with a division on the arc is the number of small 
divisions (minutes) to be added to the division on the limb now 
pointed out by the needle. 

PraHical and experienced men, never use the vernier of the compass, 
because they can read the compass without it to greater accuracy 
than they can really run a line. 

But as the vernier scale is of the greatest importance attached to 
several other instruments, which will be referred to in this work, we 
now make an efifort to give the learner a clear comprehension of it. 

Let AB represent a 
portion of an arc and JED 
the vernier which is con- 
ceived to be attached to 
an index bar and made 
to revolve with it. 

In case on the vernier makes a right line with 10^ on the arc 
as is represented in the figure, then the index marks 10^. But if 
on the vernier is a little beyond 10° we then look along the vernier 
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scale to see what divisioii of it makes a right line with some division 
on the limb, suppose the division 8 on the vernier coincided with a 
division on the lunb then the index would maik 10^ 8' . 

To understand the philosophy of this : Let x represent the value 
of a division on the vernier and n the number of them which cover 
(n— 1) divisions on the limb, then 

fKTsll — 1 

n 

1=1-. 

n 

2 

n 

3 

-=3— 3a? 
n 

^c. ^c. to n, number, from which it appears that one division on 

the vernier beyond a division on the limb corresponds with the nth 

part of the imit of graduation, two divisions of the vernier above 

two divisions on the limb, correspond with 2nth division of th^ unit 

of graduaticn, (&c. 

In our figure n=30, the graduation of the limb is to half degrees 

or 30 minutes, and this vernier measures minutes. Verniers on many 

instruments measure as small as ten secamU of arc and on ^me 

very laige instruments as low ea/our iecands* 
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CHAPTER II. 

HaTing shown in the preceding chapter how to use a compaM— 
to run Imes, and to measure them ; the next step is to keep a 
proper record of all the lines run, and compute the areas they enclose. 

A line traced on the ground, is called a amn€t the angle that it 
makes, with the meridian pasamg through the pdnt of heginning, is 
called its hearing. 

A course written NASt^ E, indicates that the line runs between 
the north and the east, and makes an angle of 42® with the meridian ; 
when between the north and west, we write iT. TF!, putting the 
number of degrees and minutes between. 

lines from the south point, are also written S. E. and 8. W, ; 
that is, bearings are reckoned from the north and south points, east 
and west, as the case may be. 

Hence, to make a record of a smrey, all we have to do is to write 
the hearing and distance of each course, and if the last side runs to 
the point of be^nning, it is a complete survey ; otherwise it is not. 

Of course, no area can be attached to any un-enclosed space. To 
complete a partial sunrey, to enclose a space, to find an area^ or to 
test the accuracy of a complete surrey ; the most satisfactory method 
of investigation, is that known as 

LATITUDX AKD DXPABTUBX. 

Latitude is the distance of the end of a line north or south of its 
beginning, measured on a meridian, and it is called either northing 
or southing, according as the line runs north or south. Departure 
is the distance of the end of a line east or west of its beginning, 
measured perpendicular to a meridian, and it is called easting or 
westing, according as the Une runs east or west. 

For example, suppose that we have the following bearings and 
distances, which enclose a space represented by ABCD. 

BeariBgR. IMstoiioet. 

AB N.i2PE. . . 17 

BO y.BS^E. . - 11 

0J> S.U^E. - - 23 

DA M77«>Tr.- . . 23.66 
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Let i\r5 represent the meridian 
running through A, the most western 
point of the field ; make the angle 
NAB^9SP, and AB^\7 ; then Ab 
18 the latitude, and ^ is the depart- 
ure, corresponding to the coone 
AB» By means of the right angled 
triangle ABby having the hypotenuse 
AB^ and the angles, we can com- 
pute Ah, and Bh, 16.66, and 6.64, 
or we can turn to the traverse table, 
and imder 23^ and opposite 17, we 
shaD find the value of these lines at 
once ; and this is the utility of having the traverse taJUe* 

In the same manner we find Bm and;nC7, the latitude and depart- 
ure corresponding to the bearing and distance of the line BG. We 
find ^m=1.34, and m (7= 10.92. 

Thus we go round the field, taldng the latitude and departure of 
each side, and arrange the whole in a table as folbws : 




Bearings. 


DIst 

17 
11 
23 
23,66 


N. 


8. 


B. 

6,64 

10,92 

6,66 

23,12 


w. 

23,06 
23,06 


AB N, 23° E 
BC KSS'^E 
CD JS. 14° E 

DA K 77° IT. 


16,66 
1,34 

6,33 


22,32 




22,32 


22,32 



When the several operations are performed with perfect accuracy, 
the sum of the northings will be equal to that c^ the southmgs, and 
tibe sum of the eastings to that of the westings. This necessarily 
follows from the circumstance of the surveyor's returning to the 
place from which he set out ; and it affords a means of judging of 
the correctness of the work. But it is not to be expected that the 
measurements and calculations in ordinary surveying will strictly 
bear this test. If there is only a small difference, as m the above 
example, between the northings and southings, or between the east- 
ings and westings, it may be imputed to slight imperfections in the 
measurements. 

Here the northings and southings agree, but the eastings are a 
little greater than the westings ; we will therefore decrease the 
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eastings hj lialf the error, and inereaae die westings hj the same 
amoont; the sums will then agree. 

We do this without any formal statement, but the operation is 
strictly that of prcqportion ; the greater the ]ine the greater the cor- 
rection to be applieid. 

When the errors are considerable, a re-suryey should be made, 
and if the errors are still great, and in the same direction, there is 
reason to suspect that smne local attraction disturbs the free action 
of the needle ; and then, if the importance demands it, a sunrey 
can be taken wUkoiU the compass, by methods we shall explain 
in some following chapter. 

We shall make use of this example and this figure to illustrate 
the 

TAKING OV ANOLXS BT THX COMPASS. 

For this, and for several other operations in practical mathematios» 
the learner must not expect a written rule : original principles are 
fiir more simple and reliable. 

We now require the angle ABO; conceiye the A£ to be pro- 
duced, then the angle between £0 and the produced part, is 83^ 
less 23^ or GO^'. Now 60^ taken from IdQO gives 120^ for the 
angle ABC. 

Again the line BC makes an angle with the meridian toward the 
north of 83^, therefore toward the south it must be 97^ on the 
east side of it. The line BA makes an angle of 23^ with the meri- 
dian on the west side of it; therefore, the angle ABC^ 97-{-23 
8s 120, the same as before. 

To find the angle BCD, we add 83^ and 140. Why ? 

To find the angle CDA, we subtract 14^ from 77^. Why ? 
o find the angle DAB, we add 23^ to 77^, <fec 
the sum of these 4 angles must equal 4 right angles. 

Suppose now that the surveyor runs the lines AB, BO, CD, and 

ten wishes 

TO CLOSX TBI suBvnr. 

To close a survey is to run the last side so as to strike the first 
oint, when we are not able to see it. 
To accomplish this, we sum up the latitude and departure as far 
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BB the pomt 2), the result will show Dd and dA. Haying then two 
sides of the right angled triangle, the angle dAD will be the bear- 
ing for dAD = nDA, because nD and 2fS are parallel. The side 
J>A can also be computed^ but it should be measured also, as a test 
to the accuracy of the whole surrey. If, on running DA, accord- 
ing to computation, we actually strike the point A, or very near to 
it, and there is little or no difference between actual measure and 
computation, then we may be sure that all the sides have been run 
correctly ; but if on running DA, we do not strike A, or the dis- 
tance does not correspond to computation, we may be sure of errors 
somewhere — either in want of skill or care in the operation, or the 
action of the compass has not been uniform at all the angular points. 
In case of material errors a re-survey should be made. 

In case that we have no means of making computations in the 
field, we may take a course as near the true one as our judgment 
will permit, and run it. This line must bring us near the point of 
beginning, if it does not strike it, and when we get opposite to that 
point we must measure to it at right angles from the line run ; 
then we shall have data to correct our course. Running a line thus 
by guess work, is called runninff a random line, from which the true 
line can be found as follows : 

Suppose that when we anive at D, we judge the course to the 
first point to be i\r. 76^ W., and run that course, and after measuring 
28.65 chains we find that we are passing the first point, which is 83 
hnks in perpendicular distance toward the south; what course 
should have been taken ? 

By the following investigation we draw out a rule that 
will apply to ail mch cases. 

Let AB represent a true course, AD a random line, 
and DB its amount of deviation. 

Also let DAE equal one degree, and take Ads=:l, 
then the deviation at d will be the natural sine of one 
degree, and may be taken from the table of natural sines 
(which is .01746). 

By proportional triangle we have 

1 : .01745 :: AD :DB; 

YHience DJE;=z0.01745{AD). 

Now DE is contained in DB as often as 1^ is contained in the 



MENSURATION OF LANDS. 



91 



mimbcr of degrees in the angle DAB. Let » represent the num- 
ber of d^prees in RAB, then 

g_ {DB) 

1 .01746(J2>y 

That IB, ^(-PfKj^p), because .^-.j. 



{AD) 



b57.3. 



Hence, to correct a coarse, we have the following 

Buui.— IMiiply ik$ deviation 2y 57.3, and dkide thai ffodmot hff 
the distance, anjtd the guotiefii wiU he the number of degrees and parts 
of a degree to add to, or subtnjustfrom, the random course. 

Hub rule, applied to the present example, gives 
. 83(67.3) _y, 
23.66 

Hence, the true coarse is 76°+2°=77°. 

Had the deviation of the random line been toward the south, we 
should have subtracted the correction ; but for this the operator 
must rely on his judgment. 

We now come to the 
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By inspecting the figure we per- 
ceive that cCDd is a trapezoid, 
from which, if we subtract the trian- 
gles ADd, AM, and the trapezoid 
hBCc, the area of the field ABCD 
will be left. 

Observation. — To preserve unifonnity 
of expression, and clearness and brevity 
in forming a rule, we shall coil triangles, 
trapezoids, while discussing this subject. 
A trapezoid becomes a triangle, when its 
smallest parallel side is so small as to call 
it zero — conversely, then, a triangle is a 
trapezoid, whose smallest parallel side is zero. 

We observe that C is the most northern point of the field, and D 
is the most southern. In traversing from CtoD, from the north to 
the soudi, we pass along the oblique sides of trapezoids that we 
shall call south areas, and m traversing from D to A, B, and C, 
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tram the south to the north, we pass along the oblique sides <rf 
trapesoids, which we shall call north area$. Now it is obyious thai 
if we 9ubtract the man of the north areas from ike man fif the eouih 
areae, we ehaU have a remamder equal to the area of thefidd. 

We now require a systematic method of finding these areas^ or 
the area of these seyeral trapezoids. In the first place, we must 
have latitudes and meridian distances. 

Latitude and departure have already been defined and explained. 

MBBIOIAK OISTAHCSS. 

Meridian dietancee are the distances of the angular p<nnt8 of the 
field from the meridian which runs through the most westerly point 
of the field ; thus, bB, cC^ dl), are meridian distances. 

DoMe meridian distances are the bases of triangles, or the Stan (/ 
the parallel sides qf the trapezoids. 

Thus bB is the doMe meridian distance of the side AB^ ox it is 
the double meridian distance of the middle point of the line AB. 
bB-\-€Cv& the double meridian distance of the line BC, or double 
the meridian distance of the middle point of BC, This double 
meridian distance {bB-^rcC) multiplied by 5C> or Bm, the latitude 
corresponding to BC, will give the double area of the trapezoid 
bB, Cc. 

We are now prepared to give the following summary or rule for 
finding the area of any field bounded by any number of right lines : 

Bulb. — 1. Prepare a table headed as in (he example, namdy: 
Bearings, Distance, North, South, East, West, Meridian distance, 
DoMe meridian distance. North areas. South areas. 

2. Begin at the most western point ^thefidd, and conceive a merir 
dian to pass through that point. 

Find, by the traverse table or by trigonometry, the northings, southings, 
eastings, and westings of the several sides of thefidd, and set them in 
the table opposite their respective stations, under their proper letters N,, 
S., E,, or W. 

3. For ike first meridian distance take the departure qf the first line ; 
for the second, take the first meridian distance and add to it the 
departure of the second line, if the departure is east, or subtract if 
west, dc. 
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4. Add each two mgaeeni meridian dittaneei, and id Aeir 
€jopa9iie the last </the two in the column qfdoMe meridian dietancee. 

5. Multiply each double meridian distance ly the hiihtde to which ii 
isqppoeite, and set the product in the column of N, areoi, if the latitude 
is north, and in that of S. areas, ^the laiiiude is south. 

6. Subtract the sum ofiks N, areas from that of the S. areas, and 
take half the remainder, which will be the area of the field in square 
chains. Dividing this by 10 gives the acres; and tfie roods and 
rods are found by multiptytng the decimal parts hy 4 and by 40. 



AB 


BMringB. 
iV230JE 


Bii. 

Ti- 


N. 
15.65 


8. 


B. 


w. 


if. D. 

6.63 


B. M.D. 


ir. areM. 8. anMf 


6.64 

(6.63) 

10.92 

(10.90) 

5.56 

(5.55) 


6.63 


103.76 




BC 


JV830JB 


ll 


1.34 






17.53 


24.16 


33.37 




CD 


SU^E 


23 




23.33 




330)8 


40.61 




906.43 


DA 


Nll^W 


23.66 


5.33 




33.05 

(33.08) 


0.00 


33.08 


133.03 


906.42 












33.08 


259.15 


Diff, 
Half, 


269.15 


•547.27 


323.63 
















Dividing by 10, 


32.363 



Hence the field contains 323 square chains and 63 hundredths, or 
thirty two acres and a little more than 36 hundredths of an acre. 

The numbers in parentheses, as (6.63), and all others in parenthe- 
ses are the numbers corrected to make the eastings and westings 
agree, — the numbers above them are taken from the table. 

Before we give any more examples, it b proper to give some 
examples to show the practical utilitj of the 

TBATBBSa TABLB. 

This table is computed to erery half degree, but if a course is 
between two courses in the table, the operator oan use his judgment 
and take out the proper intermediate numbers. 

Those who are not satisfied wi^ this method* can nse the taUs 
of natural sines and cosines, as we shall subsequently explain. 

The distances are consecutiye to 30, then 35, 40, &c, to 100. 
But a little thought in the iterator will enable him to use the tftble 
for any distance wbateyer. 
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The following examjdes will illustrate. 

1. A course is JT. 299 30' K distance 62.43 ; what is the conres- | 

ponding latitude and departure, as found in the table ? 

We shall regard the distance as 6243 links, and separate it into 
parts. 

Thus: 





JmL 


Dep. 


6000 


5643 


2296 


240 


221.7 


91.8 


3 


2.77 


1.16 



6243 6767.47 2388.96 

If we now return to chains and links, the latitude is 67.67 and the 
departure 23.89. 

We entered 240 in the table, as 24 chains, and took the numbers 
corresponding, 

2. A course is JT. 48^ 30' W., distance 187.61 ; what is the corres- 
ponding latitude and departure ? 

Mt. lAt. Sep. 

180.00 119.30 134.80 
7.60 6.036 6.692 
1 066 076 

187.61 124.3426 140.4996 

If we now take the distance as 187 chains and 61 links, the Lat. 
is 124 ch. 34 Imks, and the Dep. is 140 ch. and 60 links. 

3. A course is S. 81^ W., distance 76.87 ; what is the corres- 
ponding latitude and departure ? 

Mi. Lat. n^ 

76.00 1173. 7408. 

1.80 28.2 177.8 
7 1.10 6.91 

76.87 1202.3 7692.71 

If 76 ch. 87 lin., Lat 12 ch. 2 Im., Dep. 76 ch. 93 links. 

Thus we can find the latitude and departure for anj distance cor- 
responding to any degree and half degree. 

We can find it to any degree and minute of a degree by the table 
of natural sines and cosines. 

The common iMes containing natural cosines and sines are Twthing 
more than laiUude and depoftitre corresponding to unity ofdiskmoe. 
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Therefore, a double distance will correspond to a double distance 
in latitude and departore, a treble distance will give a treble amoiuil 
of latitude and departure, and so on in proportion. Lat « Kat. 
cosine. Dep. =s Nat sme. 

Hence : ITie wOund eosine offxm^ eourw taken at a decimal, mud" 
Hplied by any distance, will give the laiiittde corre^Mmding to that 
cauree and distance. Also, the natural eine taken ae a decimal, mtiU- 
jdied by a given distance, teHl give the departure corresponding to thai 
course and distance, 

N. B. Nat. rines and cosines are found in table IL, pages 21-66 
of tables. For common purposes, four places of decimals are suffi« 
cient. 

1. The bearing of a certain line is JV. 35^ 18' JS. ; distance 12 
chains ; what is the corresponding latitude and departure ? 

Angle 360 18' N. cos. .81614 N. sm. .67786 

Dis. (multiplier) 12 12 

Diff. Lat=: 9.79368 Dep. 6.93432 

2. A certam line runs S. 49 60' Jff. ; distance 74.40 ; what is the 
corresponding latitude and departure ? 

Angle 4^ 60^ N. cos. .9964 N. sin. .0842 

Distance 74.4 74.4 

39866 3368 

39866 3368 

69748 6894 



Lat. 74.13216 Dep. 6.26448 

3. A line makes an angle with the meridian of 76^ 41', at a dis- 
tance of 89.76 chains ; what is the latitude and departure ? 

76^47' cos. .2466 sin. .9694 

Distance 89.76 89.76 

Prod. Diff. Lat. 22.042 Dep. "stIooI 

4. A line bearing JT. 7° 40' W, ; distance 31.20 chains ; required 
the difference of latitude and departure. 

7^40' COS. .98106 sm. .13341 

Multiplier 31.2 31.2 

Diff. Lat. 30.92 Dep. 4.16 
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5. A Hne niniiiiig S. 80^ lO' B, distance ^B.K cbains ; irliat is 
tbe difference of latknde and departure ? 

80° 10' COS. .17078 sm. .&863 

Multiplier 36.25 35.25 

Diff. Lat. 6.02 Dcp. 34.72 

In the last three examples, we have ^ven only the results of the 

itnihiplications to two places of decimals ; that is, to the nearest 

link, which is a degree of accuracy sufficient for all practical 

purposes. 
We are now prepared to estimate the areas of the Moving general 

surveys, given as 

EXAMPLES. 

1. In May, 1845,. the following measures of a field Were taken. 
Beginning at the western-most pcnnt of the field ; thence y. 20^ SO' 
H. 5 chains 83 links; thence S, 79° 45'-^. 10 chains 15 links; 
thence S. 27° 30' W, 9 chains 45 links ; thence iV. 63° 15' W. 
8 chains 28 links ; thence iT. 15° 30' W. 1 chain and 4 links, to the 
place of beginning ; required the area. 

It is not absolutely necessary 
to make a plot or figure of the 
field, but for the sake of per- 
spicuity, it is best to do so ; 
yet no reliance is placed on the 
accuracy of the constructed 
figure. 

We perceive by the figure, 
that there are two soiUh areas, 
bBCc, and cCDd ; and three 
north areas, eEdD,. AeE, and 
ABL 

Let the reader observe that 
all the north areas are on the 
outside of the field. 
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IT 



AB 
BC 
CD 
DE 
EA 



Nsxp mE' TsS 

S.7 y> 45' jB. 10.15 
5.270 30' W. 
iV.630l5'W 
i\ri5O30'W 



9.45 

8.28 
1.04 



N. 


8. 


■. 


W. ILD. 


D.MJ>. 


5.46 




3.04 


3.04 


3.04 




1.81 


9.99 


13.03 


14.07 




8.38 




4.36 7.67 


19.70 


3.73 




7.39 0.28 


7.95 


1.00 
10.19 




^ 


0.38 0.00 


0.38 


iai9 


13.03 


13.03 





11.1384 



39.6535 
0.3800 



41.0719 



25.4667 
165.0860 



Ana in aeiMy 



190.5537 

41.0719 

2)1 49.4808 

10)7 4.7404 

fXlT 



The operator can relj on the 
rule used in the last operation, 
whatever be the number of stdes, 
or whatever be the shape of the 
figure, provided that the lines are 
right lines, from one angular point 
to another. 

In case of re-enUring angles, 
like HIAy represented in the ad- 
joining figure, a portion of the 
figure Air, is reckoned twice. But 
this is corrected bj the subtractive 
space HIih, which includes not 
only the exterior portion hEIAy 
but also the whole fuldidve trian- 
gle Alif belonging to the last side 
of the figure lA. 

In the following example are several such re-entering angles. 

2. Find the area of a lot of land, of which the following are the 
field notes. 

Beginning at the south west comer, the ancient land mark ; thence 
1. N. 27^ 16' K distance 9.42 chains. 




2. 


S, 80<^ 00' K 


<( 


1.16 


3. 


S. 69<^ 00' U. 


<• 


12.73 


4. 


S. 160 46'Tr. 


ti 


6.00 


6. 


ir.66<^46'Tr. 


« 


1.06 


6. 


S. Sl^OO'TT. 


u 


2.90 


7. 


iV. 70^46'W. 


a 


8.92 


8. 


S. 410 46'Tr. 


i< 


2.08 


9. 


:n. es^oo'TT. 


44 


4.18 
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17e can contraet the operation in reference to the vpiuse it wiD 
oeeapj, by patting the d^erenee of ktitade in one oolobin, «ad all 
the departures in anoil^er eokmm. 

Marking all the northings by the sign +p and aU the soiathimgs bjr 
the sign — . Also, all the eastings by the sign -f* i^d all the 
westings by the sign — s 

This being understood, the work will appear as follows : 





Bwrtui.. 


m^ 


Ut. 


Dep, M. 11. 


D^^Iy, 


N Km« 


8nr«u 


] 


N. 27*^ 15' E. 


9.42 


+6-37 


4- 4M 4.31 


4.31 


;i6,0747 




i 


1 R 80O Off £. 


1,15 


-^M 


-^ IJ3 5,44 


9J5 




19500 


I 


t a eflo w E. 


13.73 


^.&7 


.^11,8917,33 


33.77 




104.0589 


i 


t S. 15^ 45' W. 


5.00 


-4.P1 


— Oe 15.97,33.30 




160,1730 


I 


^N.m^A^ w. 


K05 


+0,41 


^ 0.96 ]o,Oll 30.98 


12,7018 




1 


S S. 31^ W W. 


2,90 


—2.49 


— 1,49 13.52128,53 




71.0397 




1 N. TOO 45' W, 


8.93 


+S,9| 


— 8.42 5.10 


18.63 


54.7428 




t 


IS. 410 46' W. 


3.08 


II1.55 


— 1.38 3.73 


8.82 




13.G710 


i 


^N.e^^w w. 


4.1S 
Sum 


+I.W 

ojuo 


^ 3.79 0.00 


3.72 


7.nfiS0 








OjOO 


110,5873 


350JS92e 


fi 
10 


110.5873 


)240.3053 


)i30.l5^ 






It 


•BMSit 


klid a nMOl frM 


KtioB oyer. 


12.01526 



). Bati^; tke iblbwilig field notes, it is required to find the 
^dbril^akLe and the inm of tiie field. 



S. too 30' W. 

4|iV:33O30' JF. 
6 South 



Mi. 

13.70 


N. 


8. 


E. 


w. 




3.54 




13.24 


10.30 




9.66 




3.60 


16.20 








16.20 


35-30 


29.61 




19.49 




16.00 


3.87 




16.62 




9.00 


33.38 


9.00 


36.01 






22.19 


33.04 




22.19 




33.04 
1 1.97 






11.19 



This result shows, that if we commence at the first station, and 
traverse round to the sixth, we shall then be 11.19 chains to the 
north of the place dL beginning, and 1.97 dbains east of it. This is 
sufficient data to compute the course and distance. 

To compute the area, however, it is not necessary to find either the 
course or the distance. 

We do know, however, by merely inspecting the tVaverae table. 
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and distance near 12 chains. 

We aie now prepared to compute the aiea» and •• we wish to 
commence at the western-most point ef the field, we sliall begin at 
the 4th station, calling it the first : thui^ 



1 


Bedims-. 


Dta. 
35Jd 
16.00 

9.00 

13.70 
10.30 
16.20 


Ut. 


1^ 


19.49 
35.01 
35.01 
33.04 
19.80 
16iM) 
0. 


1539 
54J>0 
70.02 
68.05 
42.84 
36.00 
16JM 


N.IN^ 


8.aMa. 


< 

: 

4 

i 

i 
7 


iN.S3PdffE. 
I N. 760 E. 
) South 
I 8. W. 

\ & 750 w. 

\ 8. 209 20 W. 

r w. 


-29.51 
-- 3.87 

— 9.00 
—11.19 

— 3.54 

— 965 
0. 


+19.49 
+15.58 
0.0 
— 147 
—13.24 
-^3.60 
—16.20 


210.9150 

IMjBSS 


630.1800 
7614795 
151.6536 
347.4000 

1890.71^1 
786JI649 












This raraU ihowi that the fi^ conttios 55 Mtv, ttd 1( 
alittle mon than 23 hniidndthi of anwra. 


^104.6488 


))S52.3i4l 
55.23241 



4. What is the area of a snrvey, of which the following are the 
field notes 



1 


S. 46^ SC JB. 


80 rods. 


2 


8. 6P 46' W. 


56.16 


5 


West. 


86.00 


4 


y. 66^ w. 


110.40 


5 


Jf.33oi«'^. 


76.20 


6 


5. 740 30' -R 


123.80 
Antk 104.36 acres. 


5. Beqnired the contents and plot of a 


piece of famd, of which the 


CnDowing are the field notes. 




StrtiOML 


BtariBga. 


DtrtwMi, 


1 


A 340 m 


3.96 ch. 


2 


s. 


4.60 


3 


S. 36^02^. 


8.14 


4 


IT. EQi^K 


3.72 


5 


JSr. 26<> jR 


6.24 


6 


iir. 16<^ TT. 


3.60 


7 


JT. 660 W. 


8.20 



10^. OJSl §iP. 



100 
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6. Required fhe eontents and plot of a 


k piece of land, from the 


following field notes. 






Blirtioiii. 


BMringi. 


IMtteniM. 


1 


iSf. 40^ W. 


70 rods. 


2 


K 46© W. 


89 


3 


K 36^ E. 


126 


4 


K 


64 


6 


S. SP E. 


186 


6 


8. 2P W. 


137 


7 


W. 


130 
Ans. 207^. 3i2. 33^. 


7. Giyen the following beaiings and distances of the several sides 


of a field, namely. 






1. 


K 68'' E. 


19 ch. 


2. 


E. 6^ 8. 


20 


3. 


8. IT W. 


20 


4. 


W. 


20 


6. 


N. 42^ 36' W. 


16.10 


to find the area. 




Ans. 64.9 acres. 



8. Giyen the following bearings and distances, namely, 

1. N. 46'' E. 40 ch. 

2. 8. 30^* W. 26 

3. 8. 6** JR 36 

4. W 29.60 
6. N, 20*» E. 31 

to find the corrected difference of latitnde and departure, and the 
area. 

K. B. — ^In this last example, as in most others, the northings and 
southings will not exactly balance ; nor will the eastings and west- 
ings balance. This arises from inaccuracies in the data. In such 
cases ( if the errors are but trifling ) we balance off the errors. 

When a course is east or west, as the 4th m this example, some 
operators have expressed doubts, whether any correction should be 
applied to latitude in that course. 

We reply, that errors do really exist, and, therefore, we cannot 
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IH 



aajihat the oowie marked west, mlli»«zunple, iWMi—llyiregty or 
not ; the prolMibUily is, that tli# O0W86 wa» not ezaetly due wott» 
and it is tlierefon pioper to pal a aoiTiolion in the latitade odiunnt 
as shown in the following resoUa : 

oonniOTiKp ^ATiTui^aa mp nnPARiuRia. 



1. 


r ^' 


a 


S. 


w. 


«8^ 




28.30 




2. 




21.63 




12.49 


S. 




36.84 


9.16 




4. 


0.02 






»M 


& 


29.16 




ia6t 




«7.47 


67,47 


42,0« 


42.0g 



On inspecting these latitudes and departures, we peroei^e station 
6 is the most westei^ point of the field, therefore to find the areap 
we will arrange these reeolts in the following order : 



"Tgr- 



mmrynr 



TStT 



+29.16 
+28.30 
—21,63 
—36,84 
+0002 



+10.M" 
+28.30 
—12.49 
+ 3.16 
—29.69 



"loeF 

49.64 
66.36 
66.02 
29.69 



S09.6730 
1400.9820 



10.62 
38.92 
26.43 
29.69 
0. 



0.6918 
lfll.l4*8 



1403.6206 
2007.7668 



3410.2773 
imU4t8 
2 )1699.1306 



10 )849.5662 
Ans. areas, 84.966 

9. What is the area of a snnrej of whioh th^ Mewikig are tbe 
field notes. 

From the plaee of beginning, jST. 3P 90' W.^ distance 10 ohaba : 
thence JVI 62^ 46' K, 9.26 chains : tiience 5. 36^ K, 7,60 chaina : 
thence S. 46^ 30' IT., 10.40 chains^ to the plape of bcfii^mg. 

Ans. 8/rV acres. 

10. Do the following bearings and distances enclose a space ? 
If not, giye an additional bearing and distance that will, then deter* 
uiae the area so enclosed. 



-. 


SURVETIVG. 


DMUMM. 


1 


S.w>3orK 


31.80 eh. 


s 


if. MO OC iR 


SjOS 


s 


jr. 890 16' X. 


2.21 


4 


2f. 880 46' ^. 


36.36 


6 


jr. 67° 00' IT. 


21.10 



AiiB. These beaiings and distances do not enclose a space. A 
Sne nm from the farther extremity of the 6th to the first station 
win bear south 46^ 43^ Wi, distance SlJtl chains, and the area thus 
enclosed wiU contain 92.9 acres. 

11. Do the foUowmg bearings and distances enclose a space ? If 
not» determine the additional line that wiU, and the area of the space 
so enclosed. 



1 S. 86® 00' W. 46.4 rods. 

2 JK 63^ 30' W. 46.4 " 
♦3 JV. 36<^ 30' jBI 76.8 *• 

4 y. fSP 00' E. 66.0 " 

6 a. 76<^ 30' E. 48.0 " 

Ans. These bearings and distances do not enclose a space. A 
Bne run from the last station to the first would bear S, \2P 26' W,^ 
distance 128.6 rods. Area 64.86 acres nearly. 
The operation for the area is as follows : 

We commence at station 3, for reasons that haye been seyeral 
times explained. Staticm 6 is the one we supplied. 



Sta. 



Lai. 



+ 61.73 
+ 61.92 

— 11.21 
—126.18 

— 4.86 
+ 27.69 



Dep. 



+46.66 
+20.98 
+46.67 
—29.86 
—46.16 
—37.30 



M.D. 



46.66 
66.63 
113.30 
83.46 
37.30 
0. 



B. M. B. 



46.66 
112.28 
179.93 
196.76 
120.76 

37.30 



2817.9746 
6829.6776 



1029.1070 



9676.6690 



2017.0163 
24629.1660 
686.6376 



27231.8178 
9676.6 690 
2)17666.1688 



160)8777.6794(64.86. 



* The BtationB marked with a * are those eappliecL 
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12. Wbat is the azea of » nurrey of whieh the foDowing aie tbe 
field notes. 



1 


iir. 760 00* E. 


64.8 lods. 


2 


jr.w>wjB. 


41.2 


t* 


3 


E. 


64.8 


u 


4 


S. 330 30' W. 


141.2 


t€ 


6 


3. 7e9 W W. 


64.0 


U 


e 


JK 


36.0 


€t 


7 


8. 840 00' W. 


46.4 


4i 


8 


JK 63<> 16' TP: 


46.4 


t4 


9 


iT. 36° 46' ^. 


76.8 


t* 


10 


iT. 220 30' E. 


66.0 


• t 


11 


a. 76«> 46' E. 


48.0 


<« 


12 


S. 16^ 00' W. 


43.4 


U 


13 


S. 16^ 46' TT. 


40.6 


it 



In this snnrey 4 is the most easterly and 9 the most westerly 
station. The area is equal to 110^. 2B. 23P. It may vary a 
little, on the account of the way m which the balancing is done. 



CHAPTER III. 

ON THE MERIDIAN LINE AND THE VARIA- 
TION OF THE COMPASS. 

Thb meridian is an astronomical line, having no necessary oon- 
neciion with the magnetic needle. Meridians would be primary 
lines to which we would refer all surveys, if there were no such 
thing as magnetism^ or a magnetic needle. 

It is only a coincidence, that the magnetic needle settles near 
the meridian, so near, that for a long time it was considered the 
meridian itself, but accurate observations have shown that the 
needle does not point rigorously north and south, but has a vanaUon 
which is not the same at all times in the same place, therefore a 
line ran by the compass is still unknown in respect to the meridian. 
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unleod we know the rariation of the ooxnpsss^that i% the. dedin«to 
of the needle. 

In the year 1657 the needle at London pointed doe north, sinoe 
that tune its Yariation has been weti^ prraoni to that time the ran- 
ation was east 

In the Atlantic oeeaa, between Enrepe and the United States, the 
tariation is from 12^ to 18^ west 

The needle seems to point to the region of greatest cold, which 
is in the northern part of America, and not the north pole, and if 
this be tme, if the pobt of minimum heat changes its position, there 
win be a corresponding change in the direction of the magnetic 
needle. 

The needle has a small annual and also a diurnal yariation, cor- 
responding to the temperature of the different seasons of the year, 
and of the diflferent times of the day, but these yariations are too 
small to trouble the common operations of suryeying. 

Some of the yariations of the compass are regular, others irregu- 
lar ; some amount to many degrees and require a long period of 
time, others are small in amount and require but short interyals to 
pass through all their changes. 

The daily yariation consista of an osciUation eastward and west* 
ward of the mean position, and is different in different places. 
Generally the greatest oscillation eastward is between six and nine 
in the morning, and westward about one in the afternoon, gradually 
returning toward the east until eight P. M. At night it is sta- 
tionary. 

On the subject of magnetism we know nothing, beyond fSacts 
drawn from obseryation, but there is no doubt that the earth ia a 
great magnet, made so by the action of the sun, and the poles of 
this great magnet are near the poles of the equator. Indeed, all 
obseryations made correspond to this hypothesis, for changes of the 
weather, clouds, and storms, all haye an influence on the needle. 

These facts are sufficient to conymce any reader that to surrey 
correctly we must know the 

yABIATION OF THE COMPASS. 

As the true meridian is an astronomical line, we must find it by 
astronomical obseryations^ and then by comparing the meiidian of 
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the compass with it, we shall hare the yariation of the compass. 

When the sun is on the equator, it rises due east, and sets 
directly in the west Should we then observe the direction of its 
center, just as it was rising or setting, at the time it had no declina- 
tion, and trace that Ime a short distance on the ground, we should 
then have a due east and west line. 

If from any point in that line we draw another line at right angles, 
we should then have the true meridian. 

If we now put the compass on this meridian, and make the sight- 
vanes range with it, the needle will also range with it, if there is no 
variation, but if the north point of the needle is to the west of the 
«ght-vane, the variation is westerly, if to the east, easterly, and the 
number of degrees and parts of a degree that the needle deviates 
from the directidn of the sight-vanes shows the amount of the 
variation. 

But it is not to be supposed that any particular observer can be 
at the points and places, where the sun is either rising or setting 
just at the time the sun is on the equator. We must have a broader 
basis, and in fact by means of the latitude of the observer and the 
declination of the sun, any observer has the means of knowing the 
precise direction in which the sun wiU rise or set, any day in any 
year. 

Let us suppose that the sun on a certam day, observed from a 
certain place, must have arisen S. 81^ J!?., but by the compass it was 
observed to rise S. 79^ i?., the variation of the compass was there- 
fore 9P west. 

These observations are called taking an asimuth. Asimuths are 
often taken at sea to determine the variation of the compass. 

On land, however, the horizon is rarely visible, and very few obser- 
vations on sun rise or sun set can be made, besides there are other 
objections arising from atmospherical refraction ; it is therefore best, 
most convenient, and more conducive to accuracy, to take the sun 
when up 10, 15 or 25^ above the horizon, and observe its direction 
per compass, and compare the result to the computed bearing for 
the same moment, and if the two results agree the compass has no 
variation ; if t^ey disagree the amount of such disagreement is the 
amount of the variation of the compass. 
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By means of spherical trigonometry the trae bearing of the sun 
can be determined at any time, on the supposition that the observer 
Imows his ktitade, the declination of the sun, and its altitude ; these 
three conditions furnish a triangle hke PZ8, 

The altitude subtracted 
from 90^ gives ZS, the lati- 
tude from 90^, gives ZP, and 
PS is found by adding or 
subtracting the «fiun's declina- 
tion to 90^, according as it is 
north or soulh. 

ZS is co-altitude, ZP is 
co-latitude, and P^is the sun's 
polar distance ; the angle PZ8 
is required, and it can be 
found by the following rule. 

1. Add ih^ three Me$ if ih$trimi^ to^ethtr and ia^ 
Frem the hdff tum^eubkncl the mmUfolor dieUmce^ thmfiM^ the 
remamder. 

£. Add the em- mm p iemn ii ef <ft» co-mkUude, ^ em^am piem ee i qf 
the eo4aiikfde, theeme^ the half mem, and Ae eine of ike fmnamder. 
The Stan of these four lofforUhms divided hy 2, wtU he the cosine ^ 
half the assimuihan^t, 

N. B. This rule is tlM iq^pUeatien tii equations on page JKM 
Bobmsoa'^ Qeomelry. Ilie KASNMnplsmeiit is the logaritiknuo sine 
of an arc, subtracted from 10. 




BZAMPI.BS. 

In latitude 39° 6' 20" north, when the sun's decUnation was 12^ 
3' 10^' north, the true altitude of the sun's center was observed to 
be 30® 10' 40*^, m«^. What was the true bearing of the sun, or its 
azimuth ? 

9(P 90 90 

Lat. 39 6 20 Alt. 30. 10. 40 Dec. 199 y 10 

co-Lat. 50 53 40 co-Alt, 59, 49. 2Q PJ> 77. 56 50 
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MfT 



77^66. 60 
60.63.40 
69. 49. 20 



Bm. com. 
sin. com. 



0.110146 
0.063296 



2)188 39 60 






94 19 66 


sin. 


9.997758 


77 66 60 






16 23 6 


lb. 


9.460376 
2)19.622675 


49^38' 30" 


cofiine 


9.811287 



P.D. 
co-Lat 
co-Alt 

Rem. 



Bearing, 99^^ 17' from the north, or 80<^ 43' from tke 

4K>uth. 

If «t the time of taking the altitude of the sun, another obaerrer 
had taken its bearing by the compass, and found it to be ^. 80^ 43' 
S.f then the eompass would have no yariation, and whatever it di^ 
fered from that would be the amount of variation. 

K a line were run along the ground, &ect toward the center of 
the son, at the time the altitude was taken, and sufficiently marked, 
that would be a standing line of known direction ; and if from any 
point in that line, we could draw another line, making an angle with 
it of 99° 17' on the north, or 80° 43' on the south, such a hne 
definitely marked, would be a permanent meridian line, for all time 
to come ; oa which we cuuld at any time place a compass, and 
observe its variation. 

Let AS be the line toward the sun, 
along the ground, AE a line due east, and 
Mm a true meridian line. The angle SAM 
must equal 9° 17'. 

To make that angle, take^^S^, one chain 
or 100 lii^s ; from Sy draw the Ime SE 
at right angles to AS, by means of a 
surveyor's cross.* 

From /S^take 8E, of such a value as will make SAE 9° 17'^ 
which is determined by trigonometry ; as follows, 

*Sarf«yiHr'i «n>is ii nothtnfr more timn a ^ir of iff^t vaneB, WbX at right 
anglei with «aeh other, for the pmrpOM of naikiii|r rifht aifflBb. 
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Am 100. : SJS^Bad. : tan. d"" IT 
Whence ,cy^ lOO- (tan.QQir) , 9.213406 

JR. * 

5JB'= 16.347 links. 1.213406 

That IB, from 5 measure off 16 and a little more than ^ of a link, 
and there is the point JS. A line drawn from ^ to J^^, is a due east 
and west line. 

If we pat the surveyor's cross on this line, at any point as A, and 
range one branch of it along the line AJS, the other branch will 
mark out the line Mm, a true meridian, if everything has been done 
to accuracy. 

In the afternoon, or some other day, another meridian may in 
like manner be drawn near this one, and if they are both true meri- 
dians, they will be parallel. If not parallel, other observations 
should be made until some two or three are obtained, that are 
parallel or very nearly so ; and the mean direction then, may be 
regarded as the tr^e meridian. 

A true meridian will always be a test line for a compass ; and by 
placing any compass upon it, the declination* of the needle can be 
determined. 

Again. In the triangle PZS, if we compute the ai^le ZPS (as 
is done on page 211 Robinson's Geometry), we shall have the sun's 
distance from the meridian or the apparent time ; then if we have a 
time piece that can be relied upon, for three or four hours, we can 
determine the time within a few seconds, when the sun will be on 
the meridian. A line at that time, run direct toward the center of 
the Sim, will define the meridian. 

The objections to these methods are, 

1. The sun is a large body, and its center cannot be exactly 
defined. 

2. The sun changes position so rapidly that, unless we are in an 
observatory, where every thing is prepared and in order, it is difii- 
cult to get observation upon it. 

* Declination of tlie needle, in common langpiage, is called the variation of the 
compasa ; and, as a general thing, we adhere to common language. 
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3. The son u so bright an objeet that it edonoi be riewed with- 
out prepared glasses. 

4. l^e majoritf of persons that haye been, and probably will be 
practical snnreyors, have not the instruments to take altitades ot the 
Sim, and they are not and cannot be at home in astronomieal obser- 
Tations and ccunputatiotts. 

Some of these objections are desenring of little respect^ and others 
ean be partially remoyed. 

For instance, if the sun is too large, and too brilliant to be accur- 
ately and deliberately obserred, we can take the planet Yenns,. Jupiter, 
or Saturn, and, by proper obseryations, determine their directiousy 
during the twilight of eyening, when we ean see the planet distinctly, 
and at the same time that other objects are sufficiently distinct to run 
lines.* 

But the method most known and most m fayor among practical 
men, is that of taldng the direction of the north star. 

The north star is a star of the second magnitude (Polaris), whose 
right ascension, Jan. 1, 1851, was Ih 5m 18s (at present increas- 
ing at the rate of 17s 71 per annum ), and declination was then 88^ 
30' 56", with an annual increase of 19"8, it is therefore, but 1^ 29' 
5" from the pole, and it is caUed the pole star or north star because 
it is so near the pole. 

If the star were situated directly at the polar point, a line toward 
it would be the true meridian line, but being 1^ 29' 5" distant, the 
star apparently makes a circle round the pole m a siderial day, 
making two transits across the meridian, one aboye and the other 
below the pole, — a direction to it, at these times, would be a true 
meridian line. 

To find these times, subtract the right ascension of the sun from the 
right ascension of the star; increasing the latter by 24h, to render 
the subtraction possible, when necessary. 

* For example, in the year 1853, from the 25th of July to the 5th of Aa^ast, 
the planet Jnpiter will pass the meridian in the evenin|r twiligrht. On the first 
of August, Jupiter will paas the meridian of New York, at 8h 11m 53s, and it 
will pass the meridian of Cincinnati, at 8h 1 1 398, mean local time ; and, of 
conrse, whoever is able to designate that time within a few seeonds, and is also 
prepared to mark the direction of the planet, will hare a true meridian line. 

The moon Is not a good object for this purpose; it changes its place too rapidly. 
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«!• dUftraM wai ki tke Iom U te ^agfist tntniit^ and I Ik ind 
69 minutes from that time will be the time «f Mm l0Wer ttktuik 
Thft ng^ aMeasiMi of tlM m it to U SMmd iit Mm Naatiaat Akoa- 
■M%fiif efVfydlibjiatiMjpaHr; ttidit is BMrljdie M»e^£»tiM 
Mae ditj, in eYuy jeav. 

For example. At what times will fhe iMrtli star aHdce ili i 
•f«r the meridian on tihe fini daf flf M7» 1863> 



Q JB. A. • 



• 41 


Si 

a 

16 


18 24 44 



This result shows tliat the upper transtt will oecur about 6h 24m, 
in the morning of the 2d of July. I say about, because I took 1^ 
sun's right ascension for the mommg of July I, and from that time 
to 6, next morning, is 18 hours : and during this time the righl as* 
eension of the sun wHl increase frdl 9 ntinnteB,*-* therefore the 
upper tranot w91 take plaos 6h 21ai in tlis mamingv aad the prs» 
vious lower transit llh 69m pfeTiofa% or at 8h 22m, eTening. 

But neither of these transits wffl be Tisible, as thej both occur in 
broad day fight, from any place where Mie aortii star is erer dis* 
tincUy yisible. i 

In simuner, then, when most surreying is done, the meridian i 

transits of the north star are not risible, nor is thu important : for I 

the transits are seldom used, by reason of two objections : 

1. The star changes its direction most rapidly while pasmg the 
meridian. 

2. Observers, generally, haye not the means of knowing the tune 
to sufficient accuracy.* 

To obviate these objections, observations may be taken on the 
star at its greatest elongations ; £or, about those points and for full 

* N<ynu — Very few penoiiB coBsider that their clocks aad watches, however 
good and valuable, do net give the exact time, but only approximations to the 



For any astreneinieal psrpow, like the (me nnder investigation, the chana- 
terofthotimepleeesheiiklbeweUtested— its rate of motion knowa^and 
tti effsf* sa t ah H s k i d by astimiomteal \ 
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15 minutes before and after, tbe atar does not Tiaibly change Ha 
direcdon ; hence the obserrer has a sufficient interval to be deliber- 
ate, and he can be snAcientlj ezaet aa to time without waj extra 
trouble. 

The following tables show the times of the greatest eastern «kd 
western elongations, which occur in the night seascm. These tables 
are not perpetual, but they will serve without correction for tO years 
or more to come. 

BABTIBN lEXOHOATIOire. 



s.^ 


irpiU. 


Mmj. 


j«»«. 


-^ 


Awp»<t 


5^ 




H. H. 


a. M. 


iL k 


a M. 


1 


18 18 


16 26 


14 24 


12 20 


10 16 


820 


7 


17 66 


16 03 


14 00 


1155 


953 


7 58 


13 


17 34 


15 40 


13 35 


11 31 


930 


736 


19 


17 12 


15 17 


13 10 


1107 


9 08 


7 16 


W 


16 49 


14 53 


12 45 


10 43 


846 


6 63 



trsavvBH Bi.ii]i»AfxojrA. 



5^ 


bet 


Not. 
■ H. M. 


IL M'. 


J«n. 1 Feb. ilJareh.] 


"It. ftf: 


"d. tH. 


fl. M. 


1 


18 18 


16 22 


14 19 


12 02 


9 50 


8 01 


7 


17 56 


15 59 


13 53 


11 56 


926 


7 38 


13 


17 34 


15 35 


t3 27 


11 10 


9 02 


7 16 


19 


1712 


15 10 


13 00 


to 44 


8 39 


^64 


f5 


1^49 14 46 


12 34 


10 IB 


8 16 


6 33 



It win be observed that these times are astronomical ; the day 
commencing at noon, and 12h 40 means 40m niter midnight, etc. 

JTow, admitting that the direction of the star can be observed, the 
neact flkep la to find how mwk that direolion deviates from tbe^meii* 
£aii--^«nd this is aipvobkm in mphericql trigonometry* 

A gresit ebeek passing through ithe jemMi of ihe ohseirvir to 4b» 
star, when the star is at one of iita gieateat fdaogatioiis wiO toaoh the 
qipavent smaU Girele made by the apparent revolution of the star 
about (the pde, and will therefor^ with thestar's jxdar distance, Amu 
a yi^ angle— * and we shall have aright aogled spherical triai^gK 
of wbifih the obaerver's co^ktitude is thehypot^»ise, the star's pdar 
dislanoe one sid«, imd tb^ imgl^ opposite to ^aide is th^ eiy^ 
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SXAMPLl. 

What win be the bearing of ihe north star observed from latitude 
A9P JV! in the year 1860, when the star's polar distance will be 
ViVli't Ans. 10 66'. 

As COS. Lat 42<^ - - - - 9.871073 

is to radhis 10.000000 

So is sin. JQ 26^ \t" - > - > 8.399183 

To sin. 1^66' 8.628110 

In this manner the following table was computed. The mean 
angle only is put down, being computed for the first of July in each 
year. 

kZlUntU TABLK. 



Taan. 



1852 
1864 
1866 
1868 
1860 
1862 



Aslmiitli. 



1<^42'30" 
1<5 41' 46' 
JO 41' 2" 

1^40' 27 
1° 39' 43 
1^ 38' 60" 



Lat86» 
Aiimoth. 



o 43/ 21'/ 
o 47' 39" 
46'49" 
046' 11" 
o 45' 24" 
o 44' 29" 



LatMP 
AzimnUi. 



1° 66' 62' 
1^66' 2' 
\^ 64' 12" 
1° 63' 30" 
10 52' 32" 
1° 61' 44" 



Lai40P 



20 6' 32 
20 4' 30" 

r>3'44" 
203' 2" 
202' 4' 
10 1' 2" 



LfttSOP 



2^18' 6" 
20 17' g- 

20 16' 9" 
20 15' 12" 
20 14' 16" 

2^ 13' 18" 



This table is giyen for those who may wish to use it, but we 
would reconmiend each observer to follow the example which pre- 
cedes the table, and compute the azimuth corresponding to his 
latitude and time. 



THB PBAOTXOAL DXFFIOVLTT. 

The north star is not brilliant, it cannot be seen until it is so dark 
that all minute terrestrial objects are totally invisible, it is therefore 
difSicult to draw a line and accurately mark it All these night 
operations are, at best, perplesdng and maccurate, yet, by the means 
of lights and artificers, lines can be drawn. 

If the observer have a theodolite and an assistant, there will be no 
difficulty. Let them be at the place from which they wish to take 
tiie observation in time, adjust the instrument and direct the telescope 
to the north star. Now sufficient light must be reflected into the 
telescope to enable the observer to see the cross hairs, and this may 
be done by the assistant holding a light before a stiff sheet oi white 
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pAper, ao as to tbnyw ihi9 i^eoted %lii bam ti^ pafMur into Urn 
tdeiiQope, or ibis may be dmis by nsaos of » sUnd to hold botili tho 
]q^ sod the paper. 

When the yertical spider's line becomes risibk, let the stw ke 
faroiight direcdj upon it, and if it.is near the time of greatest ebm- 
gatm it will lypear to xemain sq, fior some time. Bnt if Ihe star 
has not reached it greatest elongatioa, it will move from the line 
more to the east, if the eknigation is easterly, and more to the west, 
ff westerly. 

The telescope must be continually directed to the star, by means 
of the tangent screw of the faonioiital. plate, but for some time the 
spder line and star will coincide without moving the screw, and 
then the star will depart from the line in the contrary direction to its 
former motion, hut the telescope muet no longer /Mow tke star, its 
position will now show the direction to the star, when the star had 
its greatest elongation, and thus it should he left utUU monUn^. 

In the mommg, carefully raoge and mark a line through the 



If we now make m angle with this line eqnal to the asimuth, by 
means of the theodolite, or by means of measunng a triangle as 
esqpkinsd m theJformer part of fiiis ohapter, and mark this new line 
either to Ihe right or left, as ihe oaae may require, we shall then 
ham a permanent maridian Hue ibr all Attoie use. 

IBj pladngm eompaas on any well defined and true meridian we 
can detennine its TSEriaticm by simple ^kverwB&yn, 

H we have not a theodi^lse, we can obtain a tolerably acenrate 
direotioa to the north star by meam of illuminated plumb lines sua* 
pended in Teanb of water, so placed as to range to it 



CHAPTEJL IV, 

TO SUEVEY WITHOUT A COMPASS. 

Tm inquiry Is some^es made, whether lands could be surveyei 

without a -compass ; we reply in the affirmative. The compass is 

ddj a€Dnvenienfie» and if it hadnever been dteoreved, it is proiiable 
8 
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that ranrejs would haye been more aocurately made. Too much 
relianoe has been placed on the accuracy of the compass, and in 
consequence litUe attention has been paid to defining any astronomi- 
cal lines. 

Were it not for the compass, it is probable, that every country- 
town, and even every large land holder, would have meridian lines 
well defined about his premises. 

Having a meridian line to start upon, we can find angles and 
define the position of lines very accurately by means of a 

OIBOUMFBBBNTOB. 

The circumferentor consists of a horizontal circular plate divided 
into 360 degrees, over which an index bar, or another circular plate, 
is made to revolve. This index bar carries sight-vanes or a telescope. 
The index bar or the revolving circular plate also carries a vernier 
scale, which will enable the operator to make an angle to one minute 
of a degree. The whole instrument is placed on a tripod, and by 
the aid of spirit levels attached to the lower plate, the horizontal 
position is attained with a su£Gicient degree of accuracy. 

The figure before 
us, represents the 
essential parts of a 
circumferentor. yS 
is considered as the 
primative or meri- 
dian line, and AB is 
the index bar, which 
turns horizontally on 
the common center. 

Vernier scales are 
fitted into the index 
bar, and revolve over 
the graduated arc. 
At A and B are 
cpenmgs, to receive 
cross hairs or a telescope. 

When a vertical semicircle is made to revolve vertically through 
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Okd plane AB, and ike diameter of that drok a telescope, then we 
liare all the essentiak of Kthaodoliie. 

To most theodolites, a magnetic needle is attached, but the mag- 
netic needle is, properly speaking, no part of the instrument. 

To show the manner of finding the direction between two giren 
points, hj means of the circnmferentor, we propose the following 
problem. 

Mr. T. H. Jfmm triehes me to run the ioii line of kis loi, in tie 
town of A, and ^ the true hearing^ the eomert being known. Jk the 
public equare of the town, about one and a quarter milee distant, a 
meridian line hat been utaUished. 

Let JUinhe the established meridian in 
the public square, and ffJJthe direction of 
the Ime required* 

Place the circnmferentor on the meri- 
dian line Mm, so that yS of the mstru- 
ment will coincide with it, the center of 
the instrument being at a in a road. 

The general direction of the road hab, 
and the index bar AB is made to reyolye over the plate, which is 
firmly fixed, until the index bar or sight vanes point out the line 
ttb. The line is run by means of ranging objects ; such as flag staffs, 
if the line is long ; or if short, by sending on a flag, and stationing 
it at 6. 

Now clasp the index bar on the plate, by the clamp screw under 
it (made for the purpose). Leaye a flag at a ; take tlie instrument 
to b, and there place it, so that the sight vanes will range back to a; 
then the position of JS^S on the instrument will show a meridian line 
tiirough that pomt. 

Here the road be^ids a little, unclamp the index (being careful 
that yS rigidly retains its position), and direct it to the general 
direction of the road be. Mark the point c, by an object as before, 
and mark some other point, so as to secure the line (the other point 
may or may not be b). Now clamp the index again, and remove the 
instrument to c. Place the instrument firmly as before, and make 
the mdex range along the line be ; the Ime }^S of the instrumeni^ 




U6 gUUVJSiriKa. 

iriH bmA cut amtridiwi Kne attta point g, midfLiwwecAnl 
the meridian fine 3im to any othar point indiflieTfiK. 

Thus we may go to any point d, in the giren line ; no matter, 
theoretically speakmgy how many angles we hare made during tha 
trayerse. Placing the mstrument at d, with its mdez to range along 
the last line, the line I^S of the inatanment gires die meridisnifW 

Nownnclamp the instrument, and direct its index along the 
required line Off; the position of the index, on the graduated plate, 
will g^ye the angle from the noilh, whieh, bgr means of the yenaery 
ean be determined with great ffKaotnass. ^ 

In this manner we may go to any point, and plaee a meridian 
there, and then run any required line whaterer ; ^erefore, we can 
snryey ai^ field, iKam» or tnot of land, witihont a compaaB, if we 
have a oirenm&rentor, and a meridian line. 

It would not be safe to transfer meridians, as we h^vie just dflne, 
oyer any yery great extent of country, for at eyery angle, small 
errors might be made, and the accumulation of many small errora 
may produce too great inaccuracies to be tolerated or oyerlooked. 
When using the magaetic needle, no errors accumulate, for eyery 
setting of the compass is primary, and independent of eyery other. 

Theiefo»e, in case no compasses were in existence, primary meridi- 
ans, astrononucally estiiblished, would be necessary in eyery town ; 
and it would be better to haye seyend of them in the same town. 

From the foregoing iUustrations, wb peroeiye that suryeying can 
be done, and well done, without a compass, yet the compass is an 
inestimable blessmg to mankind ; for it is the only index to direction 
oyer the wild waste of waters, when the heayens are obsoured» and 
no mariner would dare braye the ocean without it. 



C H A P T B E V. 

ORIGINAL AND SUBSEQUENT SUEVEYS — 

DIFFICULTIES AND DUTIES OF 

A SUEVEYOR. 

Ih tliis country, lands were ceded to States, or sold to eompaniea 
in large tracts, without any definite ^uryejrs; tibe boundaries 
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deBcribed, were moiintaiiiBy riren, or a oertam mrniber of milea 
along the shores of a lake, and then a certain number of miles back. 
The land companies hired surveTors from time to time» to siinrqr 
off their lands^ into lots of 100, 200, and 500 aores ; and whererer 
these smreyors left monwnents for the comer of lots, established the 
comers for aU time to come, whether correcUy placed or not. 

These surveys were rery loose and inaccurate ; it coidd not be 
otherwise, for a company of surreyors would frequently run 16 
miles in a day ; when to run a line accurately, and measure it,four 
miles is a good day's work. 

But, notwithstanding inaccuracies, these surreys are legal and 
cannot be changed ; '' thou shalt not more thy neighbor's ancient 
land mark," and it is right it should be so ; for any attempt at cor- 
rection, would create more trouble, confusion, and injustice, than 
it could remedy. 

Lots originally sold for 100 acres in the state of New York, 
generally contain from 101 to 106 acres, in consequence of the orig- 
inal surveyors having directions to have their lots hold out. Where 
the lots thus overrun in one portion of the tract, they fall short on 
another, for the surveyors were probably desirous to show to the 
company, that their grant actually contained as much land as was 
anticipated. 

The author surveyed one of these lots, that oiiginaDy sold for 100 
acres, and found that it contained but a little over 76 acres. 

Some of the companies had their grants laid off into townships 
6 miles square, or 6 by 8 miles ; then each township into four sec- 
tions, each section divided off into lots, and the lots numbered, 
generally beginning at the south-west comer. 

The description of the lots in the deeds given, were very loose 
and indefinite, stating the township, section, and number of the lot, 
c<mtaining 100 acres, **bethe eame mare or less," and in some lots 
it was more, and in other lots it was less. 

As we belbre remarked, any land mark to the comer of a lot laid 
down by these original surveyors, must remain ; subsequent sur- 
veyors can straighten lines between point and point, and decide what 
the troe courses are, and how many acres the lot contams. 

When a surveyor is called to survey any farm or estate that has 
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htmkjmriimtatfmawmfwdt lievraal iiod tanm ennerw a ffaoBflC 
-coBBBiMMn^, aad £rom thuBM nm a mmdtm Ime^wmmMi ^ ieat 
line M his jii4giQWt pwinits ; And if lie itrikes juioth«r oomer he lias 
nm Um true oouNi^ if not, he oonreets his wHme, as tiMigbt in ebap* 
ter IL Thus, he mast go jKwad the field from ooner tQ ooniker* 
He has a right U> ukMiih tonm» onlly whei« no oovners are to be 
found, and no eyidence can be obtained as to the esstence and 
locality of a former land mark. 

It may be the case, thatasunrejarisjcalled toBarreyalotwheve 
no comers are to be found. If a fence or Jine exists, which haa 
been the undisputed boundary for a long time, that boundary can- 
not be changed, and the surveyor must establish a corner by ranging 
some other line to meet the first Sometimes comers may be found 
to some neighboring lot, from which lines can be run, to establish a 
comer to the lot we wish to surrey. 

lines of lots m the same town, are generally paraDel, and a sur- 
yeyorwho offers his sendees to the public, must make himself 
acquainted with the general directions of the lines of lots, over that 
section of country where his services are required. 

When a surreyor is called to divide a piece of land> he is then an 
origuaAl surveyor, and not liable to be embarrassed by old lines and 
old traditions, he has then only his mathematical problem before 
him. 

Owing to the inaccuracies of .oa^psai anrveys, and the impoasi- 
bilily of leaving proper land marks, in consequence of the great 
haste in which lands were originally surveyed ; great confusion has 
followed* in some sections of our country, in respect to lines, and it 
has been no uncommon thing to have whole ndghborhoods at vari- 
ance, if not in law, in reference to the boundaries of thdr lands. 

In oases of this kind, one, and then andCher c^ ihe disaffected, 
have successively employed surveyors, and smrveyors thus employed, 
are apt to act Ihe part of advocates, Tatiier than ai^traton, and 
survey too much according to the direction of their emj]fl<^r ; birt 
aUeudi dffortote settle diffinuHies,^ but aggmnte Hhem mure And 



On'Oie eontrary, however, if tthe soFveyor clearly undefstaitAi 'Ihs 
duties, and can rise above bdng a spemal advocate Itxr any ene of 
Ilia pariiea eaaic«Bicd»ihe<oa& di>.aiareihsn jodgeaer juneatpssilare 
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Urmoajr iiid peao*. To Oheitapale tkese Tiew», tnd powiUf to gfre 
nm* Taluabk initnntion te some readeiv gire a kistorj of a ease 
of thiB kind, wMck ocennd m ^e yoar 1S37, in tibe eoimtjr of 
Oatario> la Hie State of N€w Yoi^. A traeC of land cooBiMiiig of 
■Imit 670 aerea^ of em kregolar Aaf9, was dhrided on jMp«r into 
fire aqnal part% aad told t» iva dSfloitiii iadindaak. 

The wkole 670 acres was bounded by fovr fines, no two of tbem 
ipere eqml, and ndther of tiie aiq|les was a rigbt angle. The 
largest boundary line ooidd not be directly measured on acoount of 
an impassable nnrine ; and tha banka of tiMs rayiae waa aoiUiddy set 
with hemlocks,, that it was impossible even to sight acrosa. 

In consequ^iee of the irregular shs^ of the whole, and tiia 
impossUMlity oi directly measuring the principal boundary, they had 
nerer been Me to agree on thdr diyisiim lines. 

Each cme imagined that his neighbor was inclined to crowd upon 
him, and although permanait fi^Acea were desirable, ncme could be 
naade until lines were agreed upon. They had employed several 
surveyors, but they had not been able to agree on thdr divinoBS^ 
In this state of things a surveyor was called upon to go and make 
a division of this land, but the difficukiaa of so doing were careliilly 
concealed from him. 

When he arrived on the ground, ready for operations, the whole 
neighborhood was present, and by immistakable signs he soon 
learned that an unusual degree of interest was taken in the survey. 

He also found that the chief difficulty arose from not being able 
to measure the line CD. All the comers, A, B, C, and i>, were 
estaUished. The surveyor commenced at C to run a random line 
as near CD as possible. After gomg a few chains, he came to the 
bank of the ravine at F, where it was impossible to pass or sight 
across. Driving a stake at F, he took a dhrection FJff along the 
bank of the ravine, carefully 
noting the angle, and meas- 
uring the line to fT, a point 
where objects were clearly to 
be seen on the other nde of the 
ravine. The surveyor than 
sent a man over with a flag, 
stationing hia stafi^ ftrat atiZ^ 




120 SURVEYING. 

then at X, carefoDj noting the direetiim of each, and bdng careM 
to hare theangle JESZ greater than 30^. He then passed oyer and 
set the compass at Ky took the direction of KL and measured it. 
Having now KL one side, and all the angles of the triangle HKL^ 
he computed JZL. He now set the compass at L and took a definite 
direction Im ; this definite direction gave hun the angle HLm^ and 
he now had all the angles of the quadrilateral LmFH, and two of 
its ndes. Whence he computed the exact distance to m, to strike 
the line C!F produced. 

He measured that distance and drore a stake at m, and computed 
mF. The company now ran through the random line, driving 
stakes at the end of every third chain, and the random line came 
out within a few feet of the established comer at 2>. The surveyor 
measured the perpendicular distance to 2>, and corrected the course 
by the rule in chapter II. He also computed how far each stake 
that had been placed on the random line must be moved to transfer 
it to the true line ; this, the reader will perceive, was done by propor* 
tional triangles. 

At D he set the compass, and carefully noted the course and dis- 
tance to A. He then returned to C, taking care not to pass along Hie 
line AB. 

At C he set the compass, and carefully noted the course and 
distance to B. He now computed the course and distance from 
Bio A. The line lay m the open fields, over tolerably smooth ground, 
and it coidd be directly and accurately measured. 

The surveyor now called all the parties interested, including the 
sour and the belligerent, and told them that the distance from Bio A 
was a certain number of chains and Hnks, and that they would now 
measure it, and if they found it to correspond without any material 
error, they must then be convinced that he had obtamed the true 
length of OD, and that he could ^en divide the land into five equal 
parts, as required. 

To this test they all cheerfully assented ; the line was measured 
and corresponded to the computation within three links ; all parties 
were satisfied, and thus ended a neighborhood quarrel of six years' 
standing. 

Previous surveyors commenced at the pomt D and run DA, AB^ 
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and BOf and then computed CD. This was more direct, simple, and 
proper, than the method just described, but it left no test behind 
it, and it is yiun to expect that the mass of men will receive theoreti- 
cal computation as actual measurement. 

Here, and in most other cases that inrolre contention, the surveyor 
must not only convince himself that the survey is correctly made» 
but he must, if possible, show others that his ccmclusions are not 
only right, but cannot be wrong ; hence judicious surveyors must 
often measure lines, where there is no maihenuUical necet^Uy for so 
doing. 

The next duty of this surveyor was to divide the land into five 
equal parts. Each one had previously purchased his part, and he 
knew its locality, but not his exact boundary line on the diviajon. 

As CD was not parallel to AB, and AD not exactly parallel to 
CBj to divide this maihemadcally exact was a problem of considerable 
difficulty, and this will be explained in the next chapter ; but practi- 
cally we need not apply all mathematical rigor, the surveyor can 
divide this more strictly conformable to justice without, than with 
the mathematical rigor. 

The persons who had the two most eastern lots, had the worthless 
part of the land in the ravine, and of course if any one had an excess 
of area it should be those. 

To find where or nearly where the divisions come, divide the line 
AB into five parts and suppose (? one of those parts. Now BQ \& 
not quite long enough, because the field is a little narrower at this 
end than at the other ; the surveyor took a distance ^(? a few links 
greater than one fifth of AB, and from that pomt run a line in a 
medium direction between BC and AD, and then computed its area, 
the result would show whether the area was too great or too small, 
and if it were within a very small fraction of the area required, the 
line is left as the true one, otherwise it is moved as the case requires. 
In the same manner the other division lines were run. 

UNITED states' LANDS. 

Soon after the organization of the present government, several of 
the States ceded to the United States large tracts of unoccupied 
land, and these, with other lands, since acquired by treaty and pur- 
chase, constitute what is called the public lands. 
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Previoos to 1802, there was no general plan for surrejing the 
public lands, or in fact, no surveys were made, and when grants 
were made the titles often conflicted with each other, and in some 
eases different grants covered the same premises. 

In the year 1802, Colonel I. Mansfield, then Surveyor General 
ef the north-western territory, adopted the following method : 

Through the middle, or about the middle of the tract to be sur- 
veyed, a meridian is to be run, called the principal meridian. At 
right angles to this, and near the middle of it, an east and west line 
18 to be run, and called the principal parallel. 

Other meridians are to be run, six miles distant from the prin- 
cipal meridian, both east and west. 

Also, parallels of latitude are to be run, six miles from the prin- 
cipal parallel, both north and south. 

When this was done ( and it has been on all the public lands 
east of the Mississippi river ), the whole country is divided into 
squares, six miles on a side, called toumshipi. 

Each township contains 36 square miles. Each square mile is 
called a section, and it contains 640 acres. Sections are divided into 
half sections, quarter sections, and eighths. But these divisions are 
only made on paper. 

When a person makes a purchase of a half or quarter secdcm, it 
is supposed that he will find it himself, or employ a surveyor to 
mark it out. 

Townships which lie along a meridian, are called a ran^, and 
numbered to distinguish them from each other. 

Sections are regularly numbered in every township, and to desig- 
nate any particular one, we say, section IS, in township number 4 
north, in range 3 east. 

This shpws that the third range of townships east of the princi- 
pal meridian, in township No. 4 north of the principal parallel, 
is the township, and the thirteenth section of this township is the one 
sought. 

Not more than ten townships north or south of a principal par- 
allel should be drawn, before a new principal parallel should be 
designated, and new measures made between meridians : because 
meridians tend toward the pole, and the north lines of townships 
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will be theoreticallj shorter thaa 8011U1 linaSy if the meridians are 
run by the compass. 

Where the poUie lands extend to rirers and lakes, there will be 
fractional townships along the shores. 

Wb«e the looaK^ of a particnlar number is found to be occupied 
h[f a lake or jpoad, ^e sale is roid. 



CHAPTER VI. 

METHODS. OF SUEVEYING IRREGULAR 
FIGURES AND OF DIVIDING LANDS. 

Farms and tracts of lands, wholly or 
partially bounded by water, as represented 
in the ^gare before us, are surveyed and 
&eie areas detensined by drawing right 
Imea withiii the tract as near the real 
beundaiks as possible, and from these right 
lines, at #990/ intervals, measuring the qf- 
M<f te the teal boundary. ^Hiese off-sets 
form the parallel eddes of trapezcHds, and 
as they are all equally distant frx)m each 
other, Ihe computation of the areas they 
occupy will be very easy. A smnmary 
rule for finding the united area of all these trapezoids that are 
bounded by one line, is to be found m Prob. YUI, Mensuration. 
The area of the right Hned figure ABOBEFQ, is found as directed 
m Chapter IV, to which add the area of all the trapezoids, and we 
diall have the area of the whole. 

We have now investigated every possible case of computing areas, 
Mid we are now prepared to divide them. Commencing with the 
most ample case of the most sunple figure, the triangle, or rather 
tiie figure that has the least number of sides. 
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To divide a iriafiffie into two parts, hwB^agwenfo&oof mion. 

Casb 1. By a line drawn from one angle 
to its opposite side. 

Let ABC represent the triangle; divide 
its base into two parts, corresponding to the 
giren ratio, and let AD be one of the parts; 
then we shall hare the following proportion. 

AD : AB : : m : i»+« 




Whence, AD^r 



Now the two parts are numerically known, and are to each other as 
m to n. Triangles, having the the same altitudes, are to one 
another as their bases. Therefore, ADG : CDB : : wi : ?i as re- 
quired. 

Cass 2. By a Ime parallel to one of its 




m 



Let DE divide the triangle asrequired, 
and as similar triangles are to one another 
as the squares of their homologous sides, 
lliere&re : 

{ABy : (ADy : : m+n 

Whence, AD^ABaJ ^ 

Which shows that if we have the numerical value of AB, and of 
n and m, we can find that of AD, and from D draw DE parallel 
io BC, and the triangle is divided as required. 

Cass 3. By a line parallel to a' given line, or by a line runnmg in 
a given direction. 

To make this case clear, we commence by giving a definite ex- 
ample : 

There is a triangtdar piece of land, from one of the angular points^ 
A, one line runs N, 26° W., distance 12 chains ; another from the same 
pcmt runs N. 42° E,, distance 15 chains. It is required to divide this 
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iriar^le into two parts in the ratio %toZ^hy a line running due eoH 
and west. 

Let ABC be the given triangle, and B^O 
the required division line. It is required to 
find the. numerical value of ^ C* or AB'^ to 
make the area AB^C } of the area ABC, 

Let h represent the side of the triangle 
opposite B, and c the side opposite C, 

LetAC=x, As AC and, CB' have defi- 
nite directions, the angle AC'B* ia given, 
also AB'C is given. AC'B'=4Q^, ABC 
=66°, BAC=^67^. 

In the triangle ARC we have 

•m. 66° : ar : : sin. 49P : AB' 




Whence AB'= 



sin. 48^ 



sm 



7W>'' 



Kow, hj Prob. m. Mens., »rea ABC=\he sin. A, 

.r^r,, ./sin. 48°\ 



(1) 



\x^ sin. A 



Bjr tke cffiiditioaui of our problem, we have the fdlowing pro- 
poitkMB. 

. . ^ /sin. 48^\ . ^ 



«r, 



sin. 48*^ 



he : ^. ^Ko«» : : 5 : 2 
sm. o6 



(2) 



We may here stop, and make the problem general. 

If BC ia given m direction, the angles B and C will be given. 

We now require the division of the triangle ABC into two parts, 
in the ratio of m to n by a line opposite to the angle A, running in 
a ^ven direction. 

Represent the sides of the given triangle adjacent the angle A 
by h and c, h extending from Ato C, and c extending from A to B, 

Put x^s the distance from A to the division line, on the side CA. 

Then, by the preceding proportion we have, 
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Obserre that x is opposite the angle B^^ the sine of which stands 
in the numerator of the second fraction. Had x represented AB'^ 
tin 0' would hare been the numerator. 

Drawing out the result for (2)» we find that 
5 sin 48^ 

Or, «=A/^i,^#^=9.446 chains, 
sm 48° 

Case 4. By a line that shall pass through a g^ven point within 
the triangle. 

A point in a triangle cannot be giyen, tmless the perpendicular 
distances from that point to the sides are given, and if these per- 
pendicular distances are given, then we can readily find the three 
distances from the angular points of the triangle, and the angles 
which these lines make with the sides 
of the triangle are known. For instance, 
if the point P, in the triangle ABC, is 
known, PR and PT are known, and 
all the angles of the quadrilateral 
ATPB are known. These are suffi- 
cient data to compute the line AP, and 
the angles BAP and TAP, 

RufARK. — We may now require a triangle to be cat off, by a line running 
throogh P, which shall contidn any definite portion of the triangle ABC, not 
inwUviaff an tmpoMt6t^. 

For instance, if the point P is near the center of the triangle, it would not 
do to require us to cut off a tenth part of the triangle, or any smaller portion, . 
for it would be impossible to do so. When it is required to cut off a very small 
portion of the whole triangle, the point P must be near one of the sides, or 
near one of the angular points. Sometimes the required quantity can be cut 
off from one angular point, sometimes from another, and sometimes from all 
three. 

Let us now require one-third of the triangle cut off^ by a line passing through 
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>, taking (he angular point ii, and let J?F be that line. We €n 1§ iO t nrim Om 
wOueofAF, 

In the triangle ^iS (7, the angks A, B, and C, are known, and the 
ndes opposite to them, a, b and e, are also known. AP is known, and 
eall h A. Put the angle BAP^^p, PAF^q. Then, ^bs/>+^. 
Put AF=zx, AE=^y. 
By Prob. m. Mens. area^^C«^ sin. ^ 
Also '' '' area AEF=^ sin. A 

Bj the conditions of the problem, 

\xy sin. ^s^ sin. A 
Whence, aiy=:^ (1) 

The triangle AFE consists of two parts, AFP, APB; therefore, 
^^ nn. ^-j-^y sin.^=^ sin. A 

Or arrin.^+y8in.j9=^-4°l^ (2) 

h 

If we had required the nth part of the triangle ABC, in place of 

the 3rd part, equation (1) would have been nxy^=hc. 

Making this supposition, to make the problem more general, we 

hayea^s: -f and yss — . By the aid of these last two equations, 
n fix 



(2) becomes 



, be sm. p be sm. A 

X sm. g+ i = z — 

nx nh 



^^ ^, be sm. A^_ be sm. p 

Or, X* --— . ar= : r«\ 

nAsm. J nsm. ^ \^} 

Whence. ^J>1^^(^^^ J>S^\\ 
2nA sm.^ \4 /*« h* sm.^ q n sm. qj 

In case n is targcy that is the part to be cut oflf «»mi//, the yahie 
of X may be imaginary, corresponding to the preceding remark. 

Case 6. When the given point is on one side of the triangle. 

The two parts must be equal, or one 
of them will be less than half of the 
whole. 

We always compute the less part. Let 
jP be the pomt in the line AB^ PQ and 
PR perpendicidars to the other sides, are 
known; £(7 and AO are both known. 
Now, through the given point P, it is 
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teqoked to dnw PD, lo tiuU; th* triangk BPD^ 0}x9]l be t^ ntb 
part of ABC. That is 






Whence, 



BD^ 



,Ba.A& 
' nPQ 



Casb. 6. When the gi^en point k without th« triangle. 

Let ABC be the giren triangle, and P any giren pdnt without 
it It is required to run a line from P, to cut off a given portion of 
the triangle ABC, or (which is the same thing) to divide the tri- 
angle into two parts having the ratio of m to n. Let PG be the 
Kne required. 

As P is a given point, AP is a line 
given in distance and position ; therefore, 
the angle PAffis known. 

Solution. — Put the angle PAB^u, 
CAB=:v; then PAG=s(u+v), Also I 
put AG=x, AH^y, AP=sa, and the 1 

; the triangle AMChs^me, mc being a known quantity. 

Now, (by Prob. III. Mens.) ^ sin. v=mc (1) 

Also " " ^ sin. (tt+v)=area APG 

And ** ** -^sin. tt=area P^^T 

Therefore, -Jo* sin. («+») — ^ sin. tt=mc (2) 




Or, 



Tsin. (tt+v) — ysin. it=- 



(3) 



From (1), we findy: 

X sin. («+v) 

Whcnoe, 

Or, 



= — ;^ which value substituted in (3) gives 
jTsm. V 

2 mc sin. » %mc 



^sm. « 






2mc 



sm. V 
2m(;sin. « 



iTSnrifiHpv) sin. v sin. (tt+tr) 



Thwcfogejjjgg^r' 

•I i 



IN« 



=v^ 



m*c* 



2 mc sin. u 



«n.(fi-fv) V a«sin.a(tt+v) sin.V8m.(«+tr) 
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■XAMPLS8. 

1. In the triangle ABC, the eide AB'^^fSSiB chmne, ^C»17.51 
chains, and J?(7= 12.575 chains. 

The given point P from the angle A, is distant 10 chams^ at an 
angle of 40^ from the line A 0. 

It IS required to draw a line from this given point P, through the 
triangle, so as to divide it into two equal parts. 

Whereabouts on AB will PQ intersect f 

The angle BAO^Sl^ 17' 19"=r. PAH=4(P=:u. TherefcM^ 
PAG^71o 17' 10"=r(«+i'.) 

The area of the triangle ABO is 107.52 square chains. The 
part to be cnt off by the triangle AffG is therefore ss53.76s=m. 

We must use the natural sines, or the logarithmic sines if we omit 
them in the index. 

me log.- - - 1.730464 

asm.(t^+-tr)log. - - - 0.976406 

^ =5.676 log. 0.764058 



asin.(tt+v) 



2 



^^' =32.22 log. 1.508116 



a* sin.'(«+v) 

ftmc log. - - - 2.031494 

8in.ti log. - - — 1.808067 

2»icsin. M ... - 1.839561 

sin. » sin.(tt+v) - - — 1.691866 

imcsm.u 140 g^ , 2.147695 

sm. V sm. (u+v) 

The part of the formula under the radical is therefore (32.22+ 
110.51) or 172.73. 

Whence ir=5.676dbJT72?73= 18.819, or —7.467. 

Remabk.— The minas sign means opposite in direction, and if we pro- 
duce AC and AO (see last figure,) to the left of il, a line drawn from P 
through a point which is (7.467) to the left of A, will form a triangle below 
the line AO, which will be equal to AHO, 
9 
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2. We have a tight angled triangle whose base is 47.87 chains, and 
perpendicular 64.46 chains. From a given point without it, we are 
reared to run the center qfa straight road, to leave one sixth of the 
triangle on one side and five sixths on the other. 

From the acute angle at the base, the distance to the given point Is 
20 chains, and the line to it makes an angle with the hypotenuse o/^^. 

RnuKK.^ If P if a giyen point, ito distanea 
and directton from one of the angular pointa 
moat be given ; and if the distance and direction 
fit>m one of the angular pointa ia given, tlia dia- 
tancea and directiona from all of them are yirtoally 
given ; thna, if we have AP, AC, and the angle 
PAC, we have CP, and the angle ACP, and we 
may theoriie on the trianglaa PCM, CHO' aa well 
aa on APH and AHG. 

The area <rfthe triangle Aff(7= 1304.94 square chaina. 
One third of this is mc= 217.485. 

^^(7=tr=:49° 12' 20". PAC=u=ZO''. (t« + r)=79° 12'20". 
ulP=a=20. AH^y. AGz=x. 




me log. - - • 

0=20 log. 1.301030 ; 
sin. (t^+v) log. —1.992238 | 



a sin. {u-\'v) 

a* sin." (t^+v)"" 
2me log 

sin.« - 

2memLu 

sin. vsin {u+v) 

2mc sin. u 



=11.07 



122.56 



2.337438 
1.293268 

log. 1.044)64 

2 

log. 2.088828 

2.638468 
-1.698970 



2.337458 
-1.871339 



sin. V sin. (tt+v^ 



=161.73 log. 2.208797 



"Whence, ic=l 1.07 ±f^284.28= 27.96 or —6.82. 
Here ^6^=27.96. Having AP^ A&^ and the angle FA&, we 
can compute the angle AF0* 
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PROBLEM II. 
Todlmde a tfiangU mto tbmmm parts having the ratio qf ih$ thr$$ 

Cass 1. Bj Imes dnwn from one angle of the triangle to tbe 
opposite side* 

Let ADE be the triangle and A the 
angle from which the lines are to be 
drawn. 

Divide DE the opposite side into 
parts in the ratio of m, n, and p^ and 
from the points of division and B, \ 
draw AG, AB, and the triangle is divi- 
ded as required. 

Dtmomtraiion, — The areas of triangles a e as their bases multiplied 
into their altitudes, but here all the triangles have the tonw aUiiwU; 
therefore multiplying the bases into that altitude gives the same 
proportional product, and tbe areas of the triangles are as m, n» j9, 

Cass 2. B7 lines parallel to one of the sides. 

liSt ABC be the triangle. Divide its 
numerical area into three parts in the ratio 
eim^ n,p. Ccmceive the problem solved 
Imd J}F^ £6, the division lines parallel 
io AB. We are to detei-mine the numerical 
values if CD, and CE, CB is known, 
put it equal to a. Put CD=x. CE=y, 

Now as similar triangles are to one 
another as the squares of their homologous sides, therefore 
fl?« : as : : w : m+n+p. 




Whence, «=aW^ . 



m 



m+n+p 

In the same manner, 

/ m-\-n 



m+n+p 

In this manner we might divide the triangle into any proposed 
number of parts, having given ratios. 

Case 3. By lines drawn from a given point on one of the sides of 
the triangle. 
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Let ABC he thegiren triangle, and P 
the git en point on the side J£. 

It is required to draw lines from P, as 
PJD and P£!, dividing the triangle into 
three parts me, ne,pe, that is, assume the 
giren numerical area to be (mc-\-nc+pc), 
then the required parts will be mc, nc, and pc* Put AD=x, then 
(by Prob. UI, Mens.) 

^ ax sm. A^=fnc or ^= ^^ 
a sin. ^ 

By comparison, yz=z ]?L^^ 

^ '^ h sm. -5 

When mo and /w? are cut oflf, no is left. Having a and a?, the angle 
ADP is easily determined. 

In a similar manner we can divide the triangle into any proposed 
number of parts, by lines drawn from the given point P, 
Case 4. By lines drawn from a given point within the triangle. 

Let ABC be the given triangle, and P 
the given point within it. 

A variety of lines may be drawn from 
P, to divide the triangle into the parts 
required. Conceive PDy PF, and PE 
to make the requisite division. 

As P is a given pomt, AP, PB, and PC axe known lines, and 
the angles DAP, PAE are known angles. 

Take AD=b, amy convenieTU assumed value. Take AE==:£. 

Put AP=a. Then, 

\ab sin 2)^P=area A DAP 

Also, \ax sm PAE=:z area A PAE 




• Sappose we had a triangular piece of groand containing 320 square rods, 
and we wislied to divide it into three parts in the ratio of 2, 3, and 5, what is 
the area of each of the parts 7 

We decide it thujr : iii=3. n=3. ps=5. c is at present unknown^ but, 
me-\-ne-\'pe=3Q0 

That is, 10c=320 or c=32. 

Whence, wi«=64. iic=96. /ms=160. 

The quantity e becomes known on dividing the area, and the parts separately 
me, ne, and pc, are altoayt Jrnotmt. 
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Ckta&te the tiraiigl» ABO, dhided into fiiree parts, in the ratio 
of m,' Hfp ; and oonceire ADPS to be one of tiiese parts repre* 
sented by mc. Then 

ab nn. DAP+iax sin. PAB^^me 
^^ ftmO'-HA rin. JDAP 
^^^^' *= «sin.P^ 

Had we takeil 6 greater than ire did, «woald hare been less, and 
a Tariety of lines eonld be drawn as well as PJ9 and PB, and the 
same area cut off. 

Hayiiig x, we hare JSB bb a known quantity, and by the two 
triangles, PUB and BPF, we determine y in precisely the manner 
as we found x : thus, we have two parts of the triangle me and pc, 
and, consequently, the remainder DPFQ corresponds to nc. 

Oasb 5. By lines drawn from a given point without the triangle* 

Let ^^C7 be the triangle, and 
P the given point without it. 

BiVide the numerical area of 
lie Mangle iiito the ^iree re- 
4^^^ parts^; mt, na, and j^,'sa 
in former cases. Draw PJD, 
cutting off the portion mc, as 
in Case 6 of the last problem; 
then cut off the two. portions ( mc+nc) by the line PG: and the 
portion pc will be left. Or, we may cut off pc, and the portion ne 
will be left. 

PROBLEM III. 

To divide a triangle into three parts, having the ratio of m, n, and 
p, hy three lines drawn from the three anfftdar points to some point 
wUhin, 

Diyide any side, as ^C, into three 
parts in the proportion of m, n, 
aiidp. 

Let Aa represent the portion cor- 
responding to m, and Oc the part cor- 
responding to p. 

Through a, draw ab parallel to AB^ 
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and throogli e, draw ed parallel to CB. Where these two lines in- 
tersect is P, and the triangle ABO is divided into three triangles, 
APB, CFB^sndAPC. 

Demorutrathn. — Any triangle haying AB for its base, and its 
vertex in the line ab, will have the same ratio to the triangle ABC, 
as Aa has to AO, that is, as m to m+n-^-p. 

Also, the triangle CPB bito ABC, as (7c is to CA, that is, tap to 
m^n4-Pt for triangles on the same base are to one another as their 
altitudes. If these two triangles, APB and CPB, are in due pro- 
portion, the third one, AP (7, is in due proportion, of course. 

PROBLEM IV. 

To divide a quadrilateral into two parte, having any given ratio 
mion. 

Case 1. By a line drawn from a given point in the perimeter. 

Let ABCD be the given quadri- 
lateral, and P the given point in the 
side AB. 

It is required to determine the 
magnitude, and the direction of the line PC, which divides the 
figure into parts in the ratio of m to n. AU the sides and angles 
of the quadrilateral are known, and its area is known. AB and 
DC are, or are not parallel ; if they are parallel the figure is a tra- 
pezoid, then the method of finding O, in the opposite side, is 
easy and obvious. If AB and CD are not parallel, we can pro- 
duce them and form a triangle in the one direction or the other ; by 
this figure we form the triangle BCE, whose area we may repre- 
sent by t. 

As BC, and the angles as B and (? are all known, the triangle 
£BC is determined in all respects. 

As PB is known, PE is known, and designate JSG by a?. Let 
em and en designate the portions of the quadrilateral after it is di- 
vided, and let cm represent the part BPGC. 

Put PJE=a. 

Now ( by Problem III, Mensuration ), we have 
\ax sin. J^=^|-cfn. 
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We now bare the numerioal ralue of x, from which we subtract 
EC, and we have Cff, which being measured from C will gire the 
point G, through whieh to draw the line from F, to diride the 
figure as required. 

Cask 2. By a line making a given angle with one of the sides. 

If the division line makes a given angle with one side, it must 
also make a known angle with the opposite side. 

Taking the last figure, ccmceivmg P& to take a given direction 
across AB and CD, so as to cut off the area tnc. 

As in the former case, let t represent the area of the triangle EBO, 
to this add me, and we have the area of the triangle PGK But in 
this case P is not a given point, and EP is not known. 

Put EGszx, Let P represent the given angle at P, and O the 
g^en angle at O. Now, by trigonometry, 

sin. P : « : : sin. (? : jyp 

Or, EP^^^x 

sm. P 

(Prob.m.Mens.) an.^«in.g,^ 



From X we take EC, measure off the remainder along CD, to the 
point Q, there making the given angle, and the figure will be di- 
vided as required. 

Cask 3. By a line drawn through a given point within the quad- 
rilateral. 

Let ABCD be the quadrilate- 
ral as before, and P the given I 
pomt vfUhin it ; and as P is the 
given point, EP is a known line, I 
and the angles PEE, PEG are known. 

Let t equal the area of the triangle EBC, as before, and mc the 
area OHOB. Put EH^s^x, and EGz^y. 




^r^^i^- 



n U-J 



Bfrn we haye a fnhhm pf^ci^^ like Case 4, Problem I, of tihis 
chapter; therefore, farther ezplapa^oDS would be snperfaoos. 

G^aa 4. By a line drawn thzoqgh a gw^a pmnt wit^]^^ ^ 
quadrilateraL 

Let ABCDhe the quad- 
rilateral as before, and P the 
given point wUhout it. 

By producing the two 
sides AB CD, we form the 
triangle ADH. Let the area of the triangle BC^ be represented 
by t, and the part QHCB by mc, then from a giren point P, widi- 
out a triangle, we are requbred to draw a line PH, to divide the 
triangle into two given parts, and this is Case 6, of Fro^em I pf t^ 
chapter, which has been fully investigated. 

Remark.— By •ztending the principlM of thafp ssFsnl cvm we ifiay #rid| 
a ^oadrilAteral into thiee or more parts. 

PROBLEM V. 

To divide any polygon {regtdar or irTegtdar) into two parte having 
a given ratio, mton,by a line drawn throt^h aghfenpoint. 

Cask 1 . When the given point is on one of the sides of the polygon. 

Let ABODEF be the polygon, and, 
(fTic-f-nc) express its numericaJ area. Let P I 
be the given pomt on the side AB. Let the 
surveyor run a random line as near to the 
line required as his judgment permitSy and 
generally it will be best to run a hn^ from | 
P to one of the opposite angular points. 

Li this figure, let PJF represent such a random line, and let t^ie 
surveyor compute the area of the figure PAFE^ thus cut off, which 
area will be eqwd to, or greater, or leee than one of the required 
parts. We will suppose it leee; then subtract it from the required 
portion me, and let the triangle PJSQ represent that known difference, 
Tfhich we shall designate by U 

PSiA ImQwn, the an^ PEG is known ; and put EG^s 
Then, \PE x sm. PEG^i 

Whence, «=__^L_ 

PEm^PEQ 
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This detennmes the point Q^ and PO diYides the polygon as 
required. 

Casb 2. When the giren point is within the polygon. 

Let ABCDEFh^ the polygon as before, and {mcJ^ne) express 
its numerical area ; also, let i' be the given point within. Through 
P let the Borreyor run the r€mdoni 
line, HPK, measurmg from iTto P, 
and from P to iT, let him also 
observe the angles that this line 
makes with the sides of the polygon 
AFtaadi CDy and compute the area 
HABCKf and note the diference 
between it and mc, the required 
portion of the polygon ; call this 
difference </, a known quantity. 

Let hPk represent the true line through P, which divides the 
polygon as required ; but this line diminishes the area HABCK^ by 
the triangle PKk, and increases it by the triangle PHh. 

Therefore ike difference of ikeee triangles must equal d. 

The sme of the angle ABP, has the same numerical value as the 
sine of PSk, and the sine of the angle PXJ) has the same numeri- 
cal value as the sine of the angle PEk, 

Put the angle AffPzsu, and the angle PJSTD-^v; let the acute 
f erticle angles at P be designated by the letter P. 

Let ffP=^a, P£=b, hP^x, Pk^y 

In the triangle PkH, we have 

sin. u : X : : sin. (ti — P) : a 
a sin. u 



Whence, 



af=- 



Similarly, 



y= 



sin. (u — P) 
h sin. V 



0) 

(2) 



"sm. (v—P) 
The area of the triangle PhH=s^ sin. P 
Also, PkK^'^ sin. P 

Whence, h sin. Py--^ sin. Px=s2d (3) 

By substituting the values of x and y, taken from (1) and (2), 
we have. 
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^ ■in. P an. v _^^ Ail P sJa. tt _^ . . 
sin.(i^P) sm. (u—F) ^^^ 

Equation (4) contains onlj one unknown quantity P, the valne of 
P» or tke angle HPh can therefiNre be deduced. 
;^,/ 8iii.P8in.» \—^*( m.Pmsi.u \ 

Vaiaircos. PrrrOos. vsulP/ \«in.ttco8.P— co8.tt8ini.P/ 

Dividing tHe numerator and denominator of the first fraction by 
(sin. P sin. v)» and of the second fraction by (sin. P sin. u.), recol- 
lecting that codne divided by sine gives cotangent. Thus we shall 

''^^ l^(—4 V—C— J -\=U (6) 

Vcol. P— cot. v/ \cot. P— cot. u/ 

This last equation shows the surveyor that if he can make it conven- 
ient to run his random line from P, perpendicular to one of the sides, 
his equation will be less complex. For instance, if A IIP =90^, its 
cotangent will be 0, and cot. u would then =0, and equation (5) 
would become. 



= 2rf 



cot. P — cot V cot. P" 
For the sake of convenience put cot. P=2, and cot. r=c. 

Then 

b^ a» 

— — =2rf 

z — c z 



Or, z^+r-JidL'A,^^! 



c 
2d 



The numerical value of z will be the numerical value of cot. P ; its 
logarithm taken, and 10 added to the index will be logarithmic cot. 
in our table. The same remarks will apply to cot. v or c. 

Casb 3. When the given point is without the 
polygon. 

Let ABODE be the polygon, and P the 
given point without it. 

From the last case we learn that the surveyor 
had better run his random line perpendicular 
to one of the sides, therefore let PHO be the 
random line, perpendicular to AB. 
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Jus betee, ccpipate the vKoa^ ASSB, anMraflt il freni wte^ the dlf- 
feKM0 is the diffuwaee befcwaeft the tinangka P^'Z end FSE^ 
Dt^w PjSZ the line that divides the polygon as required. 

P# jRB^rHh P0=^ PJfea?, Pii=i=;y, a^igk S^d(P, aog^ -Pffif 
«3B«(, and the angle at P, designated by P. 

Th^tQM^^ PiOr^Jai? sin. P 
PGL^^ sin. P 
Whevofib $ sb^ Py— « sin. P jpss2cf. (1) 

H)^ (g)?w^wii!(M|tg a sonaiar quantity as in the last case. 
^iimgt^imH^^B^s we havt^ 

I i:% : : oq^ Pa* or ««— ^ . . 

COS. P (*; 

fctP^^sfeft It :jr : : aa. («— P) : h. 

h sin. u 

""riHT^^ip) (3) 

When the yalnesof « ami y are suhstitated in (1) we have 
sin. P s in. « sin. P 
• *%m. (t^P)-«'<;^P=^ (4) 

sin. P sin. « \ ^ sin. P 

on. « COS. P— COS. u sin. P/'^ c5Sr?'='^(6) 
^ a« 

^' cot. P^-cot.tt'^-'^SrP^^ (6) 

This equation^ ick e|ctfotly similar to equation (6) of the last case, 
VDJg^^}a^iB»dsm^ vB^ t^ sfkipe mami^., 

PROBLEM VI. 

Tjttdmi^apgi^mi^ parts, having a given ratio^ 

*i^»^%Jh.9rJ^'Hf^i^msi through a given point, 
Tli%i^(dto)%aiijpw^ cases. 

(^Jmih- ^km, tiler gf^n^ pomt is 
on one side of the polygon. 

Divide the numerical area of the 
whole into parts, mc, nc, pc, qc, cor- 
responding to the given ratio. Unite 
these into t^oo parts (mc-^nc) and 
(pc+qe). 



^r 



A 
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From the giren point P, draw PO, by Case 1, Problem V, 
80 as to diride the polygon into the two parte (me+^) and (pc+qe). 

We hare now to divide the polygon PAEG into two parte, mcp 
ne, by the line PL, and the polygon FBGDO into two parte, |>c 
and qe, by the line PH. 

Casb 2. When the given point is within the polygon. 

Let ABODE be the given poly- 
gon and P the given pomt within. 

Draw Kk through P, by Case 2, 
Problem Y , so that the area AhkDE 
shall equal mc, and the area hkGB 
shall equal {nc^pc), when the whole 
is required to be divided into three 
parte in the ratio of m, n, p. 

When the whole is to be divided mio four parte, in the ratio of m, 
n, p, q, then draw hk, so that one portion shall be (mc+nc) and 
the other (pc-^-qc). 

Then we have F ae a given point, in one side of the polygon, 
AhkDE, to divide it into two parte, in the ratio m to n, and P a given 
point on one side of the polygon, kkOB, to divide it into two parte, 
in the ratio oi p to q, and this is done by Case 1, Problem Y. 

Casb 3. When the given point is without the polygon. 

Let ABCDEF be the given poly- 
gon, and P the given point without it. 

Divide the numeral area into the 
required proportional parte, mc^ nc,pc, 
&c,, as many as required. 

From the point P draw the line PIT, 
as directed in Case 3, Problem Y, di- 
viding the polygon into ttoo parte, me 
and («c+i?c-|-<fec.). 

Then divide the polygon, GffEDOB, into two parte, one of which 
is nc, and the other ( pc-\-qc, &c.), and thus we can proceed and 
cut o£f one portion after another, as many as may be required. 

The application of the foregoing principles will meet any caee that 
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ctA Qoeisr fat &» dtnriqii of hadi ; luid we bov ckne Ob snIjiiBct 
irith the following pntdical 

IZ4MPLB8. 

1. ^ trianfftdar JiM, vhote Mn are 20, 18, and 16 cAotiit, it !• 
Aotpe a /M0O0 ^ 4 aere9 tn oonlm/ fenced €ff from ii,by a riff hi iin0 
dmwnffom the moet cbbue an^ ta ike cppoeUe Me. Bequired the 
length qftke dkridmg line^ and He dUtaneefrom eitker e nti 'et mtif of the 
line ofi wkkk U/odle f 

Ans. Lengtli of the diyiding line, 13 chains, 89 links, if run 
nearart the nde 16. DiBtanee it strikes the biMM fiom the next most 
obtuse angle is 5.85 chains. 

%. The three eUee </a irw^ em 6, 1% and 13. ff twHhhde 
cf thig tnanffk be eui ^ klf a Une drenen pofoiM to the he^eei eide^ U 
ie required to find the length of the dividinff line, and the diehnee qf 
it§ tm eadremi^efrom the eadremitm of the longed side. 

Ans. Distance ixom the exta-emitj on 5, ia B{J%^J%)\ on tht 
^de of 12, it is 12(^3^^2) ; bolii divided hjr J^. 

The divisiGnli&e is I3^|l 

3. i? t9 required to find the length andpoeiHon oftheehorteetpose&fU 
line, which shall divide, into two equal parts, a triangle whoee sides are 
%B, ^i,and 7 re^i>eeiiiifefy. 

RuABK. — It to ohriow that the dhrlilon line must cut the tides 25 and 24, 
ai^ IP aMOw it tlis dii9rt<yit line poi«tfble» tba triaasie cut aff a^ 

Ans. The diyision Vm/e makes an angle with tho sides 25 and 24 
of 81° 6f U"« and ita length is 4.889. 

4. ne eidee qf a triangle are 6, 8, mmI 10. A ie required to cut 
ofnine-siiaeenfy of it, ly a Un^thaiehaU paee through ^ eeiUer of 
iie insor&ed circle. 

Ans. The division line cuts the side of 10, at the dSstanee of 7.5 
from the most acute angle, and on the side of 8, at the distenee 6 
from the most acute angle* 

5. Two eidee of a trian^, which include an angle ff TO^, are 14 
and 17 re^pedkdy* M ie veqtnred $» dMfa i^ futo^ttnv efmipufte^ 
Ig lines drawn parallel to He kngeet side. 
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Axis. The lint divirion line <m the side 17, cuts that ride at the 

17 \i Ji 

distance-^; the second divisioii line — ^. The side 14 is cut at 

ilandllil 

6. Tkm Mei of a triangU are 1761, 1267.5, and 2364.5. The 
moti acMU angle ie 31^ 17' 19". Thie triangle is to he divided into 
three equal parte by linee drawn from the angular painte to eamejwini 
uMm. JRequired the lengths of these linee. 

Ans. The line from the most acute angle is 1322.42, and from the 
next most acute angle 1119 

7. The lege of a right-angled triangle are 28 (md 45. Required the 
lengths of Unee drawn from the middle of the hypotenuse, to divide it 
iniofour equal parts. 

Ans. A line drawn from the middle of the hypotenuse to the 
right angle, divides the triangle into two equal parts. 

8. ^the last example, suppose the given point on the hypotenuse at 
the distance of 13 from the most acute angle, whereabouts on the other 
sides wiU the division lines faU to divide the triangle into three equal 
parted 

N. B. The sine of an acute angle to any right-angled triangle is 
equal to the ride opporite tiiat angle divided by the hypotenuse. 

Ans. Both diyision lines fall on the ride 28, distance of the first 
from the acute angle 12\i, of the second 24|| 

9. There is a farm containing 64 acres, commencing at its south 
we^eriy comer, the fret course is North 15° E., distance 12 chains ; 
the second is N. 80° E. {distance lost), the third S. (distance lost), 
the fourth is N. 82° W. (distance lost), to the place of beginning. It 
is required to determine the distances lost. 

OMnvATiON.— Extend the northern and Boathem boundary westward, and 
thus form a triangle on the weat side of 13. 

Ans. The 2nd side is 35.816 ch. 3rd, 23.21 ch. 4th, 38.76 ch. 

The two fdlowing problems are from Guiuiirb's Surveying, and 
are conridered very difficult 
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1. There i9 a piece <^ktnd bounded as foUaufB: 
Beginmng at the south-west comer ; tiienee, 

1. y. 14<' 00' W,, Distance 15.20 chains^a; 

2. y. 70O SO' JS., " 20.43 " «5 ; 
S. S. e^'WK, •• 22.79 " =c; 
4. iT. 86^ 30' W., " 18.00 " ^d. 

Within this lot there is a spring ; the course to it from the second 
comer is S. 76° K, distance 7.90 chains. JBt is required to cut often 
acres from the west side qfihis lot,lef a Ikte running throughthe spring. 
Where unU this line meet the fourth side, thai is, how far from the 
first comer t Ans. 4.6367 chains. 

First make a plot of the field. It is as here represented. 

Produce the sides h and d, the second 
and fourth, until they meet at O. Let S 
he the position of the spring, and join SO. 
We may or may not find the contents of 
the field* : it is not necessary for the 
location of the line L8H, 

It is necessary to find the area of the triangle ABO, Conceive 
a meridian line run through B ; then we perceive that the angle 
-4^(?=14°+70° 30'=84° 30'. Conceive also a meridian Ime to 
he run through A, and then we perceive that the angle BA 6^=86° 
30'— 1 4<5=72° 30' ; whence A OB^^^. With the angles and the 
side ^^=16.20, we readily find ^0=38.72, ^(?=:37.10, and the 
area ^^^=280.66 square chains. 

It is necessary to find the line 08 and the angle BOS, From 
the given direction of the lines BO and BS, we find the angle 
0BS=Ub^20'; and then from the triangle OBS, we find 
^6^5=6° 61' 30", and (7^=43.83. Also we have the angle 
SOA^ll"" 8' 30' . 

To the area of the triangle ^^^=280.66, add 10 acres, or 100 
square chams : then the area of the triangle OLffmast equal 380.66 

* When we hare four Midea only, and all the angles, as in this field, the best 
method of finding the contents is by conceiving it to be two triangles. Thus in 
this case the area is represented by 

i ah sin. ABC-\-i de sin. CD A, 
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square ehains ; bat OL Mid OH Me Ikrtib iaissamiL Pnt ifL^y, 
QH^x : then we shafi have tke eqmiticA. 

ay sin. 23<'=S(38a.66). ( 1 ) 

It is obTioms that the sum of the twe triangles LGS, 80H is 
equal to the triangle OLH* 

But (!?iSr^*«iii=43.8S, sib. 23*i=P^ sb. (IT 8' 30^)=©, sin. 
{5P 61' Wy^M, and 2(380.65) or 761.3s9Ba : tiien we have 

/*^=^ (l> 

and * J a siy+^>fMweria» (2) 

From ( 1 ), y ~^- *^ ^*l^^ F*^ ^^ (2)> gives 

!^+e«*fc«; (3> 

We noir find' Hie m^ieriea] yiUues of Ji. and ^ by logtvithm^ 

as follows : 

As our radius is unity, we diminish the indices of the logarithmic 
sines by 10. 

log. a, 2.88 1 556 log. a^ 2.881 556 

log. m, 1.641771 log. jR,--1.0O888O 

log- ft— 1-469437 

1.890436 

1.111208 1.111208 



58.932 1.770348 log. P,— 1.591878 
log. ft— 1.469437 



—1.061316 —1.061315 



674.72 2.829121 

Equation (4) now becomes 

a.«_68.932ar=— 674.7; 
whence «=» (75=43.366 : from which subtract 6^^=38.72, and 
we hare AH the distance required =4.646, which diflfers from the 
given answer about am link of the chain. 
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Lnau.. Find the poiid m any ifopesM, ihtdugh fMek any 
wtroMght line which meete the parallel eidee teiU divide the in^petoid i$Uo 
two equal paHe. 

Let ABCD be the trapez<H<L 

Bisect the parallel ddes AB and CD in 
tbe pointB n and m. Join mn, and biaeet 
wm'm 0, and ia the point xeqnired* 

Any line meeting the parallel sides, and passing through O, will 
divide the trapezoid into two equal trapezoids. It is obvious that 
the line mn divides the figure into two equal parts, because the sum 
of the parallel sides is the same in each. Now draw any other line 
through 0,9A pOqi the trapezoid pqBDszmnBD ; because the 
tiiaagle Ow^^s^qOn^ and one triai^le is cut off and the other is put 
on at the same time. The triangles are equal, because mO=ss On^ 
flie angle pm 0= Onq^ and the opposite angles at are equal : 
therefore pm^^nq ; and whatever mere than Cm is taken on one 
aide, the equal quantity qn lees than An is taken on the other side. 

Another method of finding the pdnt O, is to bisect AGm H^ tuad 
draw HO parallel to AB or CD^ and equal to one-fourth the sum 
itf ABand GD. 

2. There is apiece of land bounded asfoUows : 
Booming at the westernmost point of the field ; thence, 

1. K 36<^ 16' E., 23.00 chams ; 

2. JT. 76® 30' -&., 30.50 " 

3. 8. 30 16' E.. 46.49 " 

4. K 66® 16' W., 49.64 *' 

B is required to divide this fidd into four equal parts, by two lines, 
one running parallel to the third side, the other cutting the first and 
third sides. Find the distance of the paralld line from the first comer 
measured on the fourth side, and the bearing ofihe other line. 

Ans. Distance to the parallel, 32.60 chains ; Bearing of the other 
ride, 8. 880 22' E. 
10 
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CHAPTER VTI. 

TRIANGULAR SURVEYING: THE PLANE 

TABLE — ITS DESCRIPTION AND USES: 

MAPPING: MARINE SURVEYING. 

Triangular Survktino, as here understood, requires the actual 
measurement of Only one line, and all other lines can be deduced 
from this by means of observed angles forming triangles, of which 
this measured line forms a base of the first triangle in the series or 
chain of triangles. 

ScMne of the other lines however should be measured after being 
computed, as a test to the accuracy or inaccuracy of the operations. 

Let AB represent a base line 
which must be very accurately 
measured, for any error on AB will 
cause a proportional error in every 
other line. 

If at A we measure the angles 
BA C, BAD, and at B we measure 
w observe the angles ABC, ABD, 
we then have sufficient data to deter- 
mme the poihts C and D, and the line CD. 

With equal facility that we determine the point C, we can deter- 
mine the pomt E, or F, or G, or any other msible point. 

Thus we may determine all the sides and angles of the figure 
CEFGHD, or any wMle part of it, by triangulating from the 
hs&e AB, 

The lines forming the triangles are not drawn, except those to the 
points C and D ; we omitted to draw others to avoid confusion. 

After any line, as FQ, has been computed, it is well to measure it, 
and if the measurement corresponds jfith computation, or nearly so, 
we may have full confidence of the accuracy of the work as far as it 
has been carried. 

We may take CD as the base, and determine any visible number 
of pomts, as A, B, H, F, G, &c., trace any figure and determine its 
area, or show the relative positions and distances of objects from 
each other, such as buildings, monuments, trees, dbc. 
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But to make the computation^ triangle after triangle, for the sake 
of making a map, would be yery tedioua, and to measure eveiy side 
and angle would be as tedious, and to facilitate this kind of operatioa 
we may have an instrument called the 

PLANS TABLB. 

The plane table is exactly what the name indicates ; it is a plane 
board table, about two feet long, and twenty inches wide, resting on 
a tripod, to which it is firmly screwed, yet capable of an easy motion 
onits center, having a ball and socket like a compass staflf. 

Directly under the table is a brass plate, in which fiAtr milled 
9erew8 are worked, for the purpose of adjusting the table, the 
screws pressing against the table. 

To leyel the table, a small detached spirit level may be used. 
The level being placed on the table over two of the screws, the 
screws are turned contrary ways, until the level is horiaontal ; after 
which it is placed over the other two screws, and made horisontal in 
the same manner. 

The table has a clamp screw, to hold it firmly during observa- 
tions, and also a tangent screw, to turn it mmutely and gently, after 
the manner of the theodolite. 

The upper side of the table is bordered by four brass plates, 
about an inch wide, and the-center of the table is marked by a pin. 

About this center, and tangent to the comers of the table, c(mceiv$ 
a circle to be described. Suppose the circumference of this circle to 
be divided into degrees and parts of a degree, and ludii to be drawn 
through the center, and each point of division. 

The points in which these radii intersect the outer edge of the 
brass border, are marked by lines on the brass plates ; these lines 
of course show degrees and parts of degrees ; they are marked from 
right to left, from to 180^ on both sides, but on some tables the 
numbers run all the way round, from to 360^. 

Near the two ends of the table are two grooves, into which are 
fitted brass plates, which are drawn down into their places by screws 
coming up from the under side. The object of these grooves and 
corresponding plates, is to hold down paper firmly and closely to 
the table. 
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The paper before being put on, should be moistened to expand it, 
then carefully drawn orer the table, and fastened down by the plated 
tiiat fit mto the grooves ; on drying, it will fit closely to the table. 

A delicate fine edged ruler is used with the plane table, it has 
vertical sights ; the hairs of the sights are in the same vertical plane 
as the edge of the ruler. 

A compass is sometimes attached to the table, to show the bear* 
ings of the lines ; but the most practical mathematicians prefer each 
instrument by itself. 

The plane table maybe used to advantage for three distinct 
objects. 

1. For the measurement of horisoDtal angles, 

2. For the determination of the shorter lines oi a survey, both as 
to extent and position. 

3. For the purpose of mapjnng down localities, harbors,, water- 
courses, <fec. 

1. To measure a korizonial angle. 

Place the center of the table over the angular point, by means 
of a plumb. Level the table, then place the fine edge of the ruler 
against the small pin at the center ; direct the sights to one object^ 
and note the degree on the brass plate ; then turn the ruler to the 
other object, and note the degree as before. 

The dijference qf the degrees thus noted, is the angle sought. 
If the ruler passed over 0, in turning isom one object to the other, 
subtract the larger angle hoai 180^, and to the remainder add the 
smaller angle, for the angle sought. 



S. To determine lines tn extent a\ 



Let CD be a base line; having 
the paper on the table, all dried and 
ready for use. Place the table over 
C, so that the point on the table, 
where we wish C7to be represented, 
shall fall directly over 0; and place 
the position of the table so that OD 
shall take the desired direction on 
the table. 
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Now leTd the instaiimeiit, and damp it fast ; it ia then ready for 
use. 

Sight to the other end of the hase Ime, and mark it along the fiaa 
edge of the ruler. 

In the same manner sight along the direction of CE^ and mark 
that direction in a fine lead line, that can be easily rubbed out, the 
point E is icmtwhere in that line. 

Sight in the direction of F^ and mark the line on the paper ; F is 
somewhere in that line. In this manner sight to as many objects as 
desired, as O, J7, B^ A^ drc. 

Now the base on the pugm, may be as long, or as short as we 
please ; suppose the real ban aa the ground to be 1200 feet ; this 
may be represented on the table by 3, 4, 6, 10, or 12 inches, more 
or less ; suppose we represent it by 6 mches, then one inch on the 
paper, will correspond with 200 feet on the ground (horkantaUff). 

Take OD six inches, and place a pin atD, remove the uistrumeat 
to the other end of the base, and place D of the table right over 
the end of the base, by the aid of a plumb, and give the table suck 
a position as will cause OD on the table, to correspond with the 
direction of the base. 

Level the table and clamp it Now, if CD on the table, does 
not exactly correspond with the direction of the base on the ground^ 
make it correspond by means of the tangent screw. 

Now from 2>, by means of ike ruler and its sight vanes, draw 
liaes on the paper, in the direction of the pomts E, F, O, B, B, A, igc; 
and where these lines intersect those from the other end of the base, 
to the same points, is the real localities of those points, inprcpariion 
to the base line. Lmes drawn from point to point, where these lines 
intersect, as EF, FG, Off, &c., will determine the distances from 
point to point, at the rate of 200 feet to the inch. 

Lines drawn from the center of the table, parallel to FEtaid Fff, 
will determine the angle EFG, m case the angle is required. After 
the points E, F, G, <kc., have been determined, the light pencil lines 
to them, from the ends of the base, may be rubbed out, except those 
that we may wish to retun. 

Bere tve perceive the utility of the plane table ; we have a muUUwie 
if retuUs, aa eoon aa the obaervadom are made. 
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The plane table will give us at once, the rthtive distances of 
buildings from the base, and from each other, and if we are carefii) 
find parttenlar, we can obtam the magnitudes of the buildings, as is 
obvious by the adjoming figure. 




This is most useful to an otticer or a spy, who wishes as exact 
knowledge of an enemy's locality as possible. Or from a distant 
place AB, we may examine and measure any objects whatever, on 
the other side of a river, or give a correct delineation of the river 
itself. 

The plane table can be made very useful to civil engineers, for 
mapping the localities through which a canal or railroad passes. 
Take, for example, a railroad line, ABCDEy represented in the 
next figure. The lines being all measured and marked in distances 
of 100 or 200 feet, the bases are aH ready where the line is 
straight. 

Set the table as at A, and draw lines to all objects that you wish 
to appear on the map, both to the right and to the left,— -then move 
the instrument to B, drawing lines to the same object from a carret- 
jHmding hose en the paper, and also draw lines to other objects fur* 
ther in advance on the line that may be seen from another base. 
. The intersections of the Knes from the extremities of any base to 
to the same object will locate tiie object. 

When all the objects are thus located, both to the right and to 
the left, we pass on to new objects, taking care to keep at least two 
of the old objects in sight, to connect one new observation with thofee 
jjreviously taken. We now commence a series of observations from 
a new base, which base must take its proper relative position on the 
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paper, ud if the paper on the table is not huge enough, it mutt be 
taken off and new paper pat on, and two of the objects <m the old 
paper must appear on &e new, and then these two papers can be 
put together so that the objects which are on both papers will cmn- 
cidi", and then the two pap^n will be the same as one, and thus 
we may put any numberof papers together and form as large amap 
as we please. 

If the different bases are not in the same direction, the objects 
which are on two different papers on bemg put together will show 
it, and several papers pat together may make a very inconvenient 
figure ; bat they must be put together and then a square sheet of 
tissue paper put over the whole, and the map taken off. From the 
tissue paper the map can be put on any other paper. 

The engineers of Napoleon's anny frequently made maps of the 
localities they were about to pass ; mdeed it is a military principle 
never to go into an unknown locality, except in cases of absolute 
necessity. 

This Bubjeot natoraOy leads us to 

MABZVS SUBVBTXHO. 

Marine Surveying is too extensive a subject to be fully mvesti- 
gated in any work like this. We shall only explain how to find 
shoals, rocks, and taming points in a channel, by ranging to objects 
on shore. 

In trigonometrical surveying, on shore, the observer is supposed 
to take his angles from the extremities of a base line, but in trigono- 
metrical surveying on water, the observer can take his angles only 
from single points which may be connected together by distant base 
lines on the shore. 

Important points along the shore are determined by taking lati- 
tude and longitude, and intermediate places, by regular land sur- 
veying. 

The localities of rocks and shoals are also determined by astron- 
omical observations, establishmg latitude and longitude, in case no 
land is m sight, or they are far from the shore ; but in the vicinity 
of the land, the determination of a point is commonly effected by tiie 
three point problem. 
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The three point problem is the determiriation of any point from 1 
observations taken at that point, on three other distant points where I 
the distances of these three points from each other are known. ^ 

It is immaterial how those points are situated, provided the three 
points and the observer are not in the same right line, the middle 
one may be nearest or most remote from the observer, or two of 
them may be in one right line with the observer, or all three may be 
in one right Une, provided the observer be not in that line. The 
following example will illustrate the principle. 

Coming from sea, at the point 2), I observed two headlands, A 
and B, and inland (7, a steeple, which appeared between the head- 
lands. I found, from a map, that the headlands were 5.35 miles from 
each other ; that the distance from ^ to the steeple was 2.8 miles, 
and from. B to the steeple 3.47 miles ; and I found with a sextant, 
that <3ie angle ADGwb& \9P 15', and the angle BDC 15° 30'. 
Required "^y rtjfft-^ ^c^ fr^P* ^**^^ ^^ ^^' headl^ds. and from the 
stee ple. i 

If the direction oi AB is known, the direction of -4C7is equally 
well known. 

The case in which the three objects, A^ O, 
and B, are in one right line may require illus- 
tration. 

At the point Ay make the angle BAE^=z the 
observed angle GDBy and at By make the angle 
ABE^=^ the observed angle ADG. 

Describe a circle about the triangle ABE^ 
join E and (7, and produce that line to the circumference in D, 
which is the point of observation. Join ADy BD. The angle 
ADB is the sum of the observed angles, and AEB added to it 
must make 180°. 

The Trigonometrical Analyeit, — In the triangle ABEy we have 
the side AB and all the angles, AE and EB can therefore be com- 
puted. 

In the triangle AEG, we now have -4(7, AE, and the angle CAEy 
from which we can compute A GE, then we know A CD. 

Now in the triangle A GDy we have A G and all the angles, whence I 
we can find AD and GD. ' 
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When the bearing of the base line on shore is kno^n, as it gen- 
erally is, and the bearings to its extremities, or even to one extrem- 
ity, are taken, the triangle is known at once. 

A pilot guides a vessel in and out of a port by ranging lines on 
the shore, minutely or approximately, as the case may require. 

We will illustrate this by a figure. Let the deep shaded lines 
represent the shores, A a light house on a rocky promontory. B 
another prominent object on the opposite shore ; the position of the 
arrow indicates the direction north and south. 

The faint dotted lines represent the boundaries of shoal water, 
over which it would not be prudent, if even possible, to conduct 
a vessel. The line a, b, 
d, E, the center of the 
ship channel. All the pi- 
lots know that a line from 
^ to a, which b nearly 
east south east, runs safe 
to the open sea, after 
passmg the ihoal coast 
near n. 

Now suppose a pilot 
boards a ship coming in from sea, sufficiently far from the coast, he 
directs her sailing so as to bring the light house at ^ to bear west 
north-west. He then sails toward the light house until he finds the 
object B bearing due north of him. He then knows that the ship 
must be near a, the mouth of the channel. 

He continues the same course, and knows when he is about half 
way from a to 5 by the two objects, C and D, appearing in the same 
line. When (7 and D become fairly open, and C nearly north, 
and B not quite north-east, he is then at the turning point h of the 
channel. His course is then north, a little to the west, until the 
ship is nearly in a line between the two objects^ A and B, From 
thence, west north-west takes the ship directly through the proper 
channel into the harbor. 
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CHAPTER VIII, 



LEVELING. 

Two or more points are said to be on a level, when they are 
equally distant from the center of the earth, or when they are equally 
distant from a tranquil fluid, situated immediately beloW them. A 
level surfiace on the earth, is nearly spherical, imi u not a plane; 
it is eyerjwhere perpendieular to a plumb line. 

Any small portion of a true level surface, cannot be distinguished 
from a plane ; and, therefore, when observations are taken in respect 
to level, within short distances of each other, the spherical form of 
the earth is disregarded, and the level treated as a plane. But when 
any considerable portion of surface is taken into account, the curva- 
ture of the earth's surface must be considered. 

The apparent level, at any point on the earth, is a tangent plane, 
touching the earth at that point only, and the true level is below this, 
and the distance below, depends on the distance from the tangent 
point. 

Let T be any point on the surface of the 
earth, at right angles to the plumb Ime from 
this point is the plane or apparent level ATB; 
but the true level, or the surface of standing 
water, would be the curved surface GTff, 

The distance AO, depends on the distance 
AT, and the radius of the earth CG or CT. 

From G, draw OD, at right angles to AO; 
then the two triangles ATO, AOD, are equi- 
angular and similar, and give the proportion 
CT:TA::DO: GA. 

Practically, — TA is a very short distance compared to CT^ for 
TA, the distance within which we can take observations, is never 
more than two or three miles, while the distance OT is near 4000 
miles ; therefore, CT is nearly equal to CA, consequently, DA is 
nearly equal to DG, so near that we shall call it equal. 

Observe that TD^DG; hence DG:>^^TA, 
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Now, in the preceding proportion, in the place of DG, put its 
equal \TA, and we shall have, 

CT'.TA:: ^TA : GA. 

Whence, ^^^-^ Also,^a=JgJ, (1) 

That is, The iquare qf the distance, divided by the diameter qf the 
earth, is the distance between the apparent and the true level. 

We can ssmre at the same resnlt by the direct application of the 
96th Imposition of the third book of Enclid, or by the application of 
theorem 18, third book of Bobinson's Geometry. 

Because ^ is a point without a circle, and AT touches the circle, 
we must have 

AOx i^OCH-AG)^ Jf» 

But 2CG, which is the diameter of the earth, cannot be essentially 
or appredaJUy increased, by the addition of AG, which is at most, 
but a few feet, therefore, AG within the parentheses, may be sup- 
pressed without making any appreciable error. Then divide by 2 OG. 

AT' 
Whence, A G^-—-^, the same as before. 

If we take one mile for the distance TA, the value of GA will 
be 7^^=8.001 inches. 

By comparing equations (1) we perceive that, 

GA \ga : : 55' : 55' 

That is. The corrections for apparent levels, are in proportion to the 
equares of the distances. 

The correction for one mile is 8.001 inches; what is it for 10 miles f 
Ans. It is d? inches ; then we have the following proportion, 

8.001 : a? : : 1* : 10« ar=800.1 inches. 

We have seen above, that the correction for one mile or 80 chains 
distance, on an apparent level, is 8.001 inches, what is the correction 
for the distance of 20 chains ? 
Let dfssthe correction sought, and the solution is thus, 
8.001 \xi: (80)« : (20)« 

:: 4« : P a?=0.600 inches. 
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100 
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Tlus table is of IkUe or no practical use, for levelers rarely take 
tStghi to a greater distance than 10 chains, and at that distance the 
eorrectton is only om-eiffhth of an inch, and if they put the level 
midway between two stations, they a$mikUate the corrections 
altogether. 

Sappose a lerel to be placed at T, midway between A and B ; the 
mstrument will show them to be on the same level, as so they really 
are, for they are at equal distances from the center cfihe earth ; but 
tf the obserrationB were taken in reference to^ and a, the apparent 
lorel would not show equal distaaoes from the center of the euth, 
and a correction must be i^pliedt if the diflferenee of distances is 
More thaft ftnr or five dtains. 
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To eomprehehd the whole subject, we most now describe Uie 
modem 

BPIBZT LSYSL. 




The ^gaie before us represents this useful mstnunent, apart from 
its tripod. 

Its principal parts are the telescope AB, to which is attached the 
leveling tube CD; the telescope rests in a bed, which is supported 
by posts ytf, called the y's ; EE is a firm bar, supporting the y*s. 
In ^ is a socket, which receives the central pivot of the tripod 
(which is not here represented). 

When the instrument is put upon its tripod, the tube S can be 
clasped on the outside, and held firmly by a clamp screw, it can 
then be moved horizontally, as minutely and readily as desired, by 
means of a tangent screw. 

The tripod contains a pair of brass plates, to the lower one the 
legs of the tripod are firmly attached, the other plate moves in all 
directions on its center, and is worked by four screws ; these are 
called the leveling screws ; these plates are purposely made small as 
a greater surety against bending: the four leveling screws are 
placed at the four quadrant points of the circle, and, with the center, 
form diameters at right angles. 

The eye-glass of the telescope is at A^ the object glass at B, The 
screw Fruns out the tube which holds the object glass, to adjust it 
to different distances. 

The telescope is fastened into the y*8, by the loops r r, which are 
&stened by the pins p p. The telescope can be reversed in the y*«, 
by taking out die pms^^ ; opening the loops r r ; taking up the 
tube, tnmmg it round, and again placmg it in the y'« ; then A will 



LEVELING. 159 

take the position of j8, and B of A. The necessity of this oonstiuo* 
tion will appear when we describe the adjustment. 

At n n are two small screws that are attached to a ring inside of 
the tabe ; this ring holds a horizontal spider line ; the object of 
the screw is to elevate and depress that spider line. 

Atg g ( only one jp can be seen in the figure ), are two screws 
that work another ring, which holds a perpendicular spider line, 
which can be moved to the right and left by the screws g g. The 
two spider lines show a perpendicular and horizontal cross at the 
focus of the telescope. 

Before using the instrument it must be adjusted. , The adjust- 
ment consists : 

1st. Li maHf^ the eenier cf the eye-glaaa imd the if^ 
tpider^s line* coincide with the axis of the teleeccpe, and this line is 
called the line of coUimaUon, 

2nd. 'In making the axis of the attached levd, OJ), parallel to the 
line of coUimation, in respect to elevation, 

3rd. In making the attached level lie exactly in the same direction as 
Ifttf line of coUimation. 

To make the first adjustment, the telescope is made to revolve 
mthey'«. 

To make the second adjustment, there is a screw a, which serves 
to elevate and depress the end of the leveling tube at (7. 

To make the third adjustment, there is a side screw h, which 
drives the end of the tube 2> to the right and left, as the case may 
require. 

First Adjtistment. — Plant the tripod, place the instrument upon 
it, and direct the telescope to some well defined and distant object. 

Draw out the eye-glass at A, until the spider's lines are distinctly 
seen, then run out the object glass by the screw V to its proper fo- 
cus, when the object and the spider's lines will be distinct. Now 
note the precise point covered by the horizontal spider's line. 
Having done this, revolve the telescope in the y'« half round, when 
the attached level will be on the upper side. See if in this position 
the horizontal spider's line appears above or below the same object. 

If this line should appear exactly in the same point of the object 
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as befiure* this spider's line is already in adjisstnM»it^ but if H ap* 
pears abore or below, bring it half way to the same point by mesna 
of the screws n n, loosening the one and tightening the other. 

Carry back the telescope to its original position, and repeat 
the obsenration, and continue to repeat it until the telescope will 
revolre half round without causing the horisontai line to rise or 
falL This wBl show that the horizontal line i^ a diameter of the cir" 
de of revolution, and not a chord of it. Make the same adjustmt nt 
in respect to the yertical hair, and the line of coUimation is then 
adjusted. 

Second Adju^meni. — That is, to make the tube CD horizontally 
parallel to the line of collimation. Place the instrument properly on 
its tripod, and bring the horizontal bar ^£ directly oyer two of the 
leveling screws ; turn these screws until the bubUe d rests in the 
center of the tube. 

Now CD is on a level, but we are not able to say that the Cue of 
sight through the telescope, that is tibie line of colfimation, is on a 
level also. To test this, take out the ^inspp, open the loops r r, 
and take out the telescope with its attached level, and turn it «id 
for end, put it back in its bed, and put the loops over and pin them 
down. If the bubble now rests in the middle, no adjustment is re- 
quired; if not, the bubble will run to the elevated end. In that case 
the bubble must be brought half way back by the leveling screws, 
and the other half by the screw a. 

Repeat the operation until the bubble will settle in the middle of 
the tube after reversing the telescope. 

Third Adjuiimeni. — The second adjustment being completed, re- 
volve the telescope in the y'«, and if the bubble continues in the 
middle, the axis of the telescope and the axis of the tube CD lie in 
the same direction, (h* in the same vertical plane ; and if they be not 
in the same vertical plane the bubble will run to one end <xr the 
other ; in that case the side screw h will remedy the defeot 

The three adjustments are now made (iqfpraximatefy, no one of 
them can be made perfectly while the instrument is greatly out of 
adjustment in relation to the others ; therefore commence anew. — 
Bring the bar JBB over two of the leveling screws, and level the 
instrument; then turn it over the two other screws and level it in that 
dhrectbu also. Now, if we ean turn the instnimeat quita round 



LEVELING. 161 

without remoying the bubblefromthecenteritisinpretty good ad- 
justment, but if otherwise, as is to be expected, make aR tku$ 
Q^ustmenU over again; they can now be made with much less 
difficulty. 

It is important that a level should be in as perfect adjustment as 
possible, but perfection in all respects is almost, yea, quite impossi- 
ble. Yet, with a level considerably out of adjustment, we can ob- 
tain the relative elevation of any two points, provided we can set the 
level midway between them. 

To illustrate this, suppose the instrument placed at 2), midway 
between two perpendicular rods Aa M, 




Let ab represent the true horizontal line, but suppose that the in- 
strument is so imperfect, or out of adjustment, that when the level- 
ing tube OD is horizontal, the telescope would point out the rising 
line DA, and the rise would be Aa, On turning the instrument 
round and sighting to B, the rise must be the same as in the oppo- 
site direction : for the distance is the same, therefore A and B are as 
truly on a level with each other as a and b. 

By this problem, practical men complete the second adjustment of 
the instrument. They make the three adjustments as just explained, 
as accurately as possible. They then measure, very carefully 
the distance between two stations, as B and F, and set the in- 
strument exactly midway between them as represented in the last 
figure. 

They then level the instrument ( that is the tube CD ), and 
find the difiFerence of the levels between F and F ( two pegs driven 
into the ground ). 

Now, suppose AH measures on the rod, • 4.752 feet. 

And BF " 44 a , , 6.327 feet. 

Then jS^ is above i^ 1.575 feet. 

11 
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Th0j BOW briag iht krel near to ^le (^ tiie stations as JT, and 
l«vel ii Terj aecunUely, and sight to the rod AJS. 

Now, suppose the target stands at - - - 6.137 feet. 

To this add 1.676 feet 

6.712 

The rod man now goes to the station F, puts his target on the rod 
ezacUj at 6.712, and the telescope is turned upon it, and the hori* 
zontal spider's hne ought to just coincide with the target, and will, if 
the instrument is in perfect adjustment ; if it is not, the error is taken 
out by the screws n ». If the error was but slight, as in such cases 
it always is with good instruments, the adjustment is as complete as 
it can b» Miiils 

With tha kv»l tbeie wist be 

The rod it eonmoBly ten fbet hmg» and divided into tenths and 
hundredths, scMue have also a render scale which in effect sobdiTides 
to thcuiandlk$. ^le taiget slideB up and down the rod, and car- 
ries the vernier on the back of the rod; the target has equal altemaite 
portions painted black and white for contrast. 

A party to take the necessary levels on the line of a railroad or 
canal, after the stations are measured off, should conostof a leveler, 
and assistant leveler, a rod man, and an axe man. 

The leveler and assistant leveler both keep book, and sometimes 
the rod man abo. If there is no assistant leveler, the rod man will 
have an abundance of time to keep book, and under such circum- 
cumstances always does so. Under all circumstances, two persons 
keep book^ to have a check on each other and guard against mistakes. 

In the field the aim is to put the level midway between the two 
stations, but they are not particular about it if the instrument is in 
good adjustment ; they rather take the most advantageous spot to 
sight from. 

When the groimd admits of it, that is, sufficiently level, two or 
three intermediate stations are observed, as well as the extreme back 
and fore stations. The extreme back and fore stations are called 
changing stations ; at these stations pegs are driven into the ground 
by the axe man for the rod man to plant his rod, so as to secure 
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tbe same point fur both Ike fore and back siglit* At theintenaedi* 
ate statiraa they hare no pegs, and are nUpaaHadat in am^ rttp^eU 
for aQ ervoiB oaaeel each otber. 

The ooounon raUroad chain is 100 feet, divided into 100 links; 
each Ikk is therefore om/wt. Lerrals are commonly taken at mter- 
▼ak of 900 feet, oftener if the ground is rerj uneven, but a station 
is considered tOO feet, and the nnmber of the station multiplied by 
200 ^ves the number df feet from the commencement 

Ae fteM hook iski|i* iiwa: 

B. & SMwa bMk i^tffiA. T^fk^lf i%bt, A. ascent, D. descent, T. total 
X. R^-i^inM the bttok si^ k less than the fore sight, the 
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Thus we go through the whole line. We commenced with the 
carutafU 100, but this is arbitrary; the object of taking a constant is 
to avoid the minus sign, that is, getting below our ruled paper in 
making a profile of the vertical section. 

Where the line is to be generally ascending, we assume a small 
constant, where generally descending a large one ; taking care in all 
cases to have it so large as not to run it out. 

At each and every section we know exacUy how much we are 
above or below the constant base, and the exact ascent or descent 
from any one station to any other. 

The following diagram represents a vertical section of the ground 
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where these levels were taken, with the exception of the exaggenU' 
tion of the roughness caused by the difference of scales for the base 
and perpendicidar lines. From one station to another is 200 feet ; 
we hare made 10 feet occupy more space in the perpendicular direc* 
tion than 400 feet does m a horisontal direction. We do this to 
show more clearly where any particular grade will enter the 
ground, and how much it is necessary to cat or fill at any particular 
point. 

The zigzag line from 100 of 
altitude to 86, represents the 
surface of ground, and suppose 
that we wished to reduce it to 
a regular grade so as to remove 
as little earth as possible. By 
the mere exercise of judgment, 
we conclude to run the grade between station and 11, from 98 to 
92 ( but the propriety of this conclusion would depend on the con- 
tour of the ground on each side of these stations ). The direct line 
a h drawn, shows that the grade runs out of the ground at station 

I, we must fill in about 2^ feet at station 2, the grade runs into the 
ground again at about 80 feet before we come to station 3. At sec- 
tion 4 the cutting must be a little over 2 feet, at station 5 a little 
over 5 feet, at 7, 2 feet, and runs out of the ground midway be- 
tween stations 7 and 8. 

At stations 9 and 10 we must fill in about 8 feet, and so on ; the 
depth of cutting or filling is obvious at every station. 

If the contour of the ground beyond 1 1 was generally level or 
descending, we would change the grade at station 7 and render it 
more descending, so as to make less filling up at stations 9, 10, and 

II. In the adoption of grades for a railroad, an engineer has great 
scope to exercise his judgment. 

In the representation here made, ah appears like a steep grade, 
but it is not ; it could scarcely appear on ih€ ground other than a 
level, for the difference is only 6 feet in 2200 feet of distance, which 
is at the rate of 14^^^^ feet to the mile. 

Engineers can freely vary their grade, while it keeps under 18 or 
20 feet to the mile ; but they submit to a great deal of cutting and 
filling, before they establish a grade over 40 feet to the mile. 
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Oantour of ground is shown on maps, by maildng wheie ptnJlel 
planes run out on the siir£ace. 

We shall give only the general principle. 

Let ^ be the tq> of a hill, whose contour we wish to delineate; 
measure any oonrenient line as AB^ np or down the hill, and by 
the lerel or theodolite, ascertain the relative elevations of a, b, c, d, 
Ac, as many planes as we wish to represent. 

At a, place the level or theodolite, and level it ready for observa* 
tion ; measure the height of the instrument, and put the target on 
the rod at that height. 

Send the rod-man and 
axe-man round the hill, on 
tbe aaioe level as the fai- 
strumeiit. Let the rod-man 
s^ the rod ; the kveler 
w!» $if^% to it through the 
telesM^^ and if the tar- 
get is bebw the level, he 
will molacm the rod-man up the hill, if too high, down the hill ; ai 
\mffk he win get tbe ^arae level, and there the ai:e-man will drive 
a atokeu In the same manner we wiU establish another stake further 
m; and thus proceed from p<»nt to pcint To get round the hill» 
% nmj be necessary to move the instrument several times. The 
plane thus established, is represented by the curve am. 

In the same manner,, by placing the instrument at ^, we can 
eataUiA the next plane bn. 

Then the next, and the next, as many as we please. Where the 
hill is more steep, two of these parallel planes will be nearer together 
in the figure; where less steep, they will appear at a greater (^stance 
asunder, and this, with the proper shading, will give a true repre- 
sentation of the ground. 
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BLITATIOVS DaTa&mirBD BT ATMOSPHKBIO PBBS- 
80BB, AS IKDIOATBD BT T H X B AB O MXT X B . 

The higher we ascend above the level of the sea, the less is the 
atmospheric pressure (other circmnstances being the same), and 
therefore we can determine the ascent, provided we can accurately 
measure the pressure, and know the law of its decrease. 

As this work is designed to be educational as well as practical, 
wc shall here mitke an eflfort to explain the philosophy of the pro* 
blem, in such a manner, as \o force it upon the comprehension of the 
kamer. 

The pressure of the atmosphere at any place, is measured by the 
height of a column of mercury it sustains in the barometer tube. 

It is hvoi&hiftxpermiefUy that air is compresdble, 
and the amount of compression is always in pro- 
portion to the amount of the compressing force. 

Now, suppose the atmosphere to be divided into 
an indefinite number of strata, of the same thick" 
nets, and so small that the denuty of each stratum 
may be considered as umfonn. 

Comm^ce at an mdefinite distance above the 
surface of the earth, as at ^, and let w represent 
the weight of the whole column of atmosphere 
resting on A. Let the small and indefinite dis^ 
tanees betwe^ AB, BG, CD, ^c, be equal to each other, and wa 
shall call them umU of some unknown magnitude. 

The weight of the column of atmosphere supposed to rest on B, 
is greater than w, by some indefinite part of w, say the nth part. 

Then the weight on B, must be expressed by( u4-!? jor f^jt} \w. 

In the same maimer, the weight or pressure resting on C, must be 
the weight above B, increased by its nth part ; that is, it must be 

Q±}\j^. (^ V which by addition is(!^ Vw. 

In the same manner, we find that the weight resting on 2>, must 
bel—T-J . w, and so on. For the sake of perspicuity, we recapitulate. 
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The pressure on ^ is v. Units from A 
» " on ^ is (^— V •' " 1 
•• •* on C is iHri)! ,^ •• •• f 



«« on 2) is ' 



" " on^is (?illliir *« •* 4 

** " on i^ is (^+0* 10 « ••6 

Here we observe the series which represents the pressure of 
atmosphere, at the different points A,Bp 0,Ac., is a aeries in peumeirical 
progrunon, and it corresponds with another series in aritkmetical 
progrestum; therefore, by the nature of logarithms, the numbers in 
the arithmetical series, may be taken as the logarithms of the num- 
bers in the geometrical series. 

But this system of logarithms, may not be hyperhdic nor tabular, 
indeed it is neither ; the bage €f thii sysUm is as yet luknown, but 
our inyestigations will soon lead to its discovery. 

Now, let the number of units from Ato S (the surface of the 
sea), or to ike lower qf two stations, be represented by x, then the 

expression for the pressure of the air would be/ -It- j w, but this 

is neither more nor less than the weight of the column of mercury 
in the barometer, which is sustained by this pressure. 

By calling this b, and designating the logarithms of this unknown 
system by L', we shall have 

X'3=ar (1) 

Taking y to represent the number of units frt>m ^ to F, and b, to 
represent the pressure of the air at that point, we shall have 

Z'b,^y (2) 

Subtracting (2) from (1), we shall have 

Lbr-L'h.^x-^^SV 
This is, a certain peculiar loffarithmof the barometer column at the 
bwer station, diminished by the logarithm of the barometer at the 
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upper ttalioa tffll gite the diffnrence of leteb behreeli die two sta- 
tiomu But still idl ii indeinile and ii]ifaiown» because we koofw 
nothing of these logarithms. 

In algebra, we leam that the logarithms of one system can be 
converted into another by multiplying them by a constant multiplier 
called the modtUtti of the system, therefore* 

Assume Z to be the modulus or constant that will conrert com- 
inon logarithms mto these peculiar logarithms. 

Then, Z(log. »— log. b^)=^SV (3) 

Here, Isg. b denotes the common logarithms of the banmieter 
column. 

Equation (3) is general, and determines nothing until we know 
SVm some particular case. 

Taking SVwnae known itevaikn, and obserring the altitude of 
the barometer colomn at both stations, and then equation (3) wffi 
give Z once for aU. 

Puttmg h to represent the known eievoHon, and we hare, in genera], 

^"^log.b—log.b, (^^ 

E»xmpU, — At the bottom and top of a tower, whose height was 
200 fiwt, the mercury stood in the barometer as foSows. 
At the bottom, • « . * S9.96 inches ats^ 

At the top, S9.74 mches tt4, 

the temperature of the air being 49^ of Fahrenheit's thennometer. 

900 200 

^^^ ^= 108. 8»i>6-log. 89. 74 =0:0^«0i=='^^ '"^^^- 
** But this multi|dier is constant only when the mean lemperatare' 
of the air at the two stations is the same ; and for a lower tempera- 
tare the multiplier is less, and for a higgler it is greater. A eof" 
recHon^ however, may he applied for any deviation from an assumed 
iemperaiure^ by increasing or dindmshiny ( aoeordiny as the tea^pera- 
iure is hiyker or lower) the approximate keiffkt by iis 4i9tk pari for eaek 
deyree of Fahrenheit s thermometer. We can moreover change the 
multiplier to a more convenient one by assuming such a tempera- 
ture as shall reduce itus number to 60000 mstead of 62500. Now 
62600 exceeds 60000 by its 25th part ; and, smce 1^ causes a 
change of one 449th part, the proportion 
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gives 18^ nearly for the redvetion to be made m the temperature of 
the air at the time of the abore obsenratioDa, in order to change the 
constant multiplier from 62500 to 60000, or to 10000, hj calling 
the height fathoms mstead of feet Thus, instead of the thermometer 
standing at 49^, we may suppose it to stand at 49^ — 18^ or 31^; and 
then^ire take 10000 as the multiplier, and apply a correction addi« 
liTe for the 18^ excess of temperature." 

The same obserrations, for example, bemg given, to find the 
height of the tower. 

29.96 - . log. . - 1.47664 

29.74 - • - log. - - - 1.47334 

Diff. oflog. - • 0.00320 

Multipfier • - • 10000 

Product - - - ^ 

Then the height of the tower is 32 &th<»ns, or 32X 6=sl92 feet, 
on the supposition that the temperature of the air was 31^ in place 
of 49^. But it bemg 49^, we must increase 192 by its j\^ part for 
each degree above 31^, that is, by ^\ or ^j nearly of its approxi* 
mate height, which gives nearly 8 feet to add to 192, making 200 
feet for the h^ht of the tower. 

The same method is applicable to other cases whatever be the 
temperature of the air at the two stations, provided it be the same 
or nearly the same at both stations, or provided we take the mean 
temperature of the two stations. We can find the difference of 
levels of two stations to considerable accuracy by the following 

RuLB. — 1st; Take the diference of the logariikms of the two baro* 
meter columns, and remove ike decinud poini four places to the right. 
This is the e^^proximate diference of levels in/athoms, 

2d. Add xi-^ of the approsAmaU height for each degree of tempera- 
ture above 31^, and subtract ike same for each degree below 31^ ; the 
result cannot be far from the truth. 

■XAMPLBS. 

1. The barometer at the base of a mountain stood at 29.47 inches, 
and taking it to the top, it fell to 28.93 inches. 

The mean temperature of the air was 51^. What was the height 
of the mountain m feet ? Ans. 503.34 feet. 
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«9.47log. " - - 1.469380 
«8.951og. - - • 1.461348 

0.008032 
Approziinale height in £ath(MnS| 80.32. 
Cbrftfction.— Add /^V o^ ^'^^ ^ ^^^^^ ^^^ '^y ^'^ 3*^7. 
Height, m fathoms, - - 83.89 
Multiply by - - - 6 

Height in feet, - - 603.34 
The ayerage height of the barometer, at t^e level of the sea, is 
30.09 inches ; and now if we know the arerage height of the baro- 
meter at any other place, and the average temperature, it is equiva- 
lent to knowing the eleyati(»i of the latter place above the level of 
the sea. 

For example, the mean height di the barometer at Albany Academy 
is 29.96, and the mean temperaiwe is 49^. How high is the 
academy above tide water ? 



30.09 log. 
29.96 k)g. 


1.478422 
1.476542 


Ans. 117.3 feet. 
49° 
3! 


Approximate height 
Add AV or A 


0.001880 18°" 
18.80 fathoms. 
76 



19.55X6=117.3 feet. 

2. The average height of the barometer at Amenia Seminary 
in Duchess, Co., New York, is stated in the Regents' report at 29.81 
inches : average temperature 49^. What is the height of that point 
above tide water ? 

Ans. 263.32 feet. 

3. The mean height of the barometer at Pompey Academy, On- 
ondagua Co., New York, is 28.13, corrected and reduced to 32° 
Fahn What then is the elevation of that locaHty ? 

Ans. 1756 feet. 
Others have made it 1746 feet. 

4. From varioos observadons on the summit of Mount Washing- 
ton, in New Hampshire, the mean height of the barometer there is 
124.20, mean temperature ist the times of observalson was about 65° 
Fahr. 
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Now admitting that the mean temperatoire at tli6 vurfaoa of tha 
sea, in the same latitude must hare been 76^, which would make 
the mean temperature between the two stations 70% what then is 
the height of Mount Washington above the sea ? 

An8« 6170 feet, nearly. 

By some observauons the eleFation is estimated at 6496 feet, by 

others at 6290 feet 

6. Lieutenant* Frem<mt, in his namtiFe of theesploiing ezpedi* 
tion across the Bocky Mountains, page 46, under date of July 13th, 

1842, states his latitude at 41<^ 8' 31", longitude 104° 39' 37'', 
height of the barometer 24.86 inehes, aUachei thermometer 68^ ; 
what was his elevation above the sea ? Aas. 6389.2 feet. 

Remauc—- The author ttatei hia elevation at 5449. feet As he doea not state 
the temperature of the air bj the deiaehtd tbermometer, we know not what 
correction he made. Theae toittofy barometrical obsenrationa are more or leoa 
valuable, according to the aettled or nnaettled atate of the weather. A pemon 
of experience and good judgment in aueh matlarai like Fmmont, would not of 
' course record the inapplicable obaervationa- 

6. Lieut Fremont, in his journal, page 104, under date of August 
16th, 1842, when, as he supposed, on the highest point of the Rocky 
Mountains, observed the barometer to stand at 18.29 inches, and the 
attached thermometer at 44®f ; what was the elevation above the 
level of the sea ? Ads* 13622 feet. 

Fremont estunates the elevation at 1367P {eet 

This shows that he estimated Uie mean temperature above 60^, 
and no doubt a similar cause made the difference in the result of 
the jMievious example. 

7. On page 140, of Fremont's Journal, under date of July 12th, 

1843, he says ; ** The evening was tolerably clear, with a tempera- 
ture at auna^t, of 63^. Elevation of the camp, 7S00 feetv 

Taking ike mean temperature of the two stations, the sea and his 

t Lieutenant waa hla proper title at thia time. 

flf the aea were at tlie baae of the mountain, the temperature at the lower 
atation would no doubt be aa high aa 60^. Making thia auppoaition, the mean 
temperature of the two atationa would be 60^. We therefore take 50^ aa tho 
mepui tempenratora* 
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phoe of obAonratioiiy at 67^, what mnst haye been the height of hia 
barameter ? Ana. 23.21 inchea. 

Bepresent the approzunate eloTation by y, then 

y+?§?f=7300 Or, y=6738.14 
'449 ' ' 

Dmde y by 6» which givea 1126.35. Divide this by 10000. 

Then, let x represent the altitude of the barometer column. 

Whence, 1.478422— log. dr=0.1 12636 

Therefore, log. «=1.366787 

In the preceding examples we could only be general and approxi- 
mate, we had oofy the obsenrations at one station referred to general 
obsenratioDa at the other ; but our resultscannot be fax from the 
truth. 

When the difference of temperatures at the two stations is con- 
siderable, the result must be affected by it 

When the upper station ia the coldest, which is generally the case, 
the mercurial column wiU be shorter than it otherwise would be, and 
consequently indicate too great a height. 

If the temperature Of the upper staticm is taken for the tempera- 
ture of the lower, the mereurial column at the lower station would 
not be high enough, and the deduced result would be too small, as 
is the case in example 5. 

The contracdon of mercury being about one 10000th part for 
each degree of cold, or, 0.0026 m a column of 26 in., it would 
require 4^ difference of temperature, to produce an effect amounting 
to one diyision on the scale of a common barometer, where the 
graduation is to hundredths of an inch. 

This correction is combmed with the former m the following 
equa1i<m, in which tf represents the temperature of the air at the 
two stations ; < at the lower station, g and /the temperature of the 
mercury, as indicated by the attached thermometer. 

The fraction 0.00223, is equal to j^j nearly ; A»the height 
sought, b and h, represent the observed height of the mereuiial 
column. 

A-IOOOO {l4O.00«8(^''-3,)} log. sXTWm^) 
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Beside tile cprreotions preyionsly coosiderjed^ regard is sometiiaes 
had to the effect of the variation of gravity iu different latitude* 
and at different elevations above the earth's surface. The latter* 
however, is too small to require any notice in an elementary work. 
The formar may be foimd by multiplying <)he approximate height 
by 0.0028371 Xcos. 2 1st. It is additive, when the latitude is 4esa 
than 4i®, and subtraetive when greater. Or it may be taken from 
the lolloiriiig tobls. 
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Given, the pressure of the atmosphere at the bottom of a moun- 
tam, equal to 29.68 m. of mercury, and that at its summit, equal to 
26.28 in., the mean temperature being 60®, to find the elevation. 

Ans. 727.2 fathoms, or 4363.2 feet. 

The following observations being taken at the foot and sunmiit of 
a mountain, namely, 

at the foot, bar. 29.862 attach, therm. 78® detach, therm. 71® 

at the summit, "" 26.137 " « 63® ". 66® 

to find the elevation. 

Ans. 612.9 fathoms, or 3677.4 feet 
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It 18 required to find the lic^ht of a mountam in latitade 30^, the 
obsenratioiis with the barometer and thennometer being as follows ; 
namely^ 

at the Coot, bar. 89.40 attach, thenn. 50^ d^ach. thenn.« 43<^ 
attfaetnmmit^ << 2&19 *' 46^ ** 39^ 

Ans. 683.27 fathoms, or 4099.62 feet 

If we assiime any temperatore, for instance 45^, and the height 
, of the barometer at the lerel of the sea, at 30.09 inches ; we can 
compute the deration of the point, where it would be 29.99, 29.89, 
29.79, 29.69, Arc, inches ; and l^us we might form a table, showing 
the derations that would conrespond to any assumed height of the 
barometer at that temperature. It will be fennd, that the first fall 
of ^ of an inch will correspond to aboat 88 feet m eleration, but 
ereiy subsequent tenth, will require a greater and greater eleration. 

• Tlw attaclied thAnii«meter meumrai the tempentare of themeieiirjin Um . 
taromotsry and tha detaahad thannomatar, that af tha ■amaadiag air. 
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CHAPTER I. 

INTRODUCTION. 

Natigahoh is the art of conducting a sbqi from one plaoe to 
aao&er. 

In most works this art is mixed up with seamanship and elementary 
science. In this work, navigation will stand by itself — alone ; and 
we shall presume that the reader is properly prepared in elementary 
science. 

This being the case, it will not be necessary to take up time and 
space in giving definitions of latitude, lon^tude, meridian, horiaon, 
&c., dec, the previous indisp^isible knowledge of geography neces- 
sarily gives a knowledge of aQ these terms. 

Navigation, rightly understood, requires an accurate knowledge 
of the geography of the seas — the vrinds and currents that here 
and there prevail, and also a good general knowledge of astronomy. 

Bunning a line in surveying and ronning a course at sea, are math- 
ematically the same thing, except that the latter is on a larger scale 
than the iformer, without its accuracy, and it is for a differrat object. 

In surveying we take no accoimt of the magnitude and figure of 
the earth. In navigation we are compelled to do so, unless the 
limits of the operation be very small. 

There are two methods of fijiding the position of a ship. 

1st By tracmg her courses and distances, as in a survey. This 
is called dead reckoning. 

ti. By deducing latitude and longitude from observations on the 
heavenly bodies. This is called nautical astronomy. 

(176) 
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No one expects accuracy from dead reckoning, and as a general 
thing it is only used from day to day, between observations ; or to 
keep the approximate run during cloudy weather or untD obsenra- 
tions can again give a new starting point. 

Some navigators keep a continuous dead reckoning from port to 
port, which enables them to judge ^f drifts^ cigrents, and unknown 
causes of error. 

The earth is so near a sphere that for the practical purposes of 
navigation it is taken as precisely so. Its magnitude corresponds 
to 69^ English miles to one degree of the circumference, but in the 
early days of navigai;bn jBO miles w.ere supposed to be about 
a degree, which for the sake of convenience is still retained. 

The sixiieik part of a degree is called a nautical mile, and it is, of 
counie, larger 4han an English mile. 

In an English mile there are - - - 5280 f^. 
In a nautical mile there aie - - - >6079 feet. 

The rate whkh a ship sails is measured by a line running off pf 
a reel, called the % line. 

The log is nothing more than a piece of thin board in the fyrm of 
a sector* of about six inches radius, the circular parX is loaded with 
lead to make it stand perpendicular in the waler. 

The linie is 80 ttttadbed to it that the flat (sude of .the }og is kep^ 
toward the ship, that the resifltaBoe of tl^ w«t(^ n^paip^ the faqe.of 
the k^ may prevent it, as muc^ as possible, from bemg dragged 
jafter the ship by the ;ire]ght of the line, or the friction of the reel. 

The time which is usually occupied in determining ^ jship's rato 
is half ft miuiUte, and the experiment for the purpose is generally 
made attheei^d of every hour, but in conmion merchantmen at the 
Bad of every second hour. As the time of operating is half a miu' 
^te, or the bundred and twentieth part of an hour, if the line were 
.divided into 120ths of a nautical mile^ whatever mimber of those 
parts a ship might run in a half minute she would, at the same rate 
of sailing, run exactly a like number of miles in an hour. The 120th 
part of a mile is by seamen called a knot^ and the knot is generally 
subdivided into smaller parts, called /oMom^. Sometimes ,(«nd It is 
the most convenient method of division ) the knot is divided into imk 
parts, more frequency perhaps into eight; but in either .caae the 
subdivision is caJled tLfathmni 



•^ 



INTRODUCTION. 177 

We shall consider a fathom the tenth of a knot, and as the nauti- 
cal mile is 6079 feet, the 120th part of it is 60.66, the length of a 
knot on the line, and a little over 6 feet is the length of a fEithom. 

The operation of ascertaining the rate of sailing is called by sea- 
men hecming the log. 

At the end of an hour the loaded chip, or log, Is thrown over the 
stem into the sea ; a quantity of the tine, called the eiray line, is 
allowed to run off, then the glass is turned and the number of knots 
that runs off the reel during the hal/ixmmie is the rate of the ship's 
motion. 

The log Is then hauled In and the same operation Is repeated at 
the end of the next hour. 

The officer of the watch, who has been on deck during the hour, 
will mark on the slate or board, called the log board, the number 
of miles and parts of a mile which the ship has sailed during 
Ihe last hour, according to the best of his judgruetU; the log was 
thrown only to help, make up that judgment, for the rate at the time 
the log was thrown may hare been considerably more or less than 
the average motion during the hour. 

The course of a ship is marked by the mariner's compass. 

The mariner's compass differs from the surveyor's compass only 
by its construction, that is, the magnetic needle is the motive power 
in both. In consequ^ice of the motion of a ship at sea, the mari- 
ner's compass is suspended In a double box, moving on a double 
axis, one at right angles with the other, the whole balanced by a 
central weight which keeps the compass card nearly steady and hori- 
xontal, whatever be the motion of the vessel. 

The card is attached to the needle, and is moved by the needle. 
The card Is divided Into 32 equal parts, called points, and to read 
over these points In order, is called by seamen, boxing the compasSf 
and to know the north star and box the compass Is too often the 
amount of the common sailor's knowledge of navigation. 
12 
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The fipire 
1>efore us re- 
presents the 
card of the 
m ariner's 
compass. The 
lour quadrant 
points are 
marked by a 
Bii)gle latter as 
J\r. for north, 
je. for east 
The midway 
pcMnts between 
th08e hj two 
letters, as ilT. 
JS. for north- 
easts -K Wi for north-west, 4c. One point dther wayfixnn any one 
gf &eae eight points is marlfied by the word ^. Thus, If. by B. is 
one point from the north toward the east, and it is read n(»rth by 
east ; S. B. by S, indicates aae point from the south-east more to 
the south, and it is read south-east ly south ; W. by iT. means west 
one point toward the north. 

To box the compass we begin at any point, as north, aiKl mentioi^ 
every point in order all the way round, thus : 

North; north by e^t; north nprth*east; north-east by nprth; north- 
east ; north-east by east ; east north*east ; east by pprth ; east, &c. 

A point of the compass is 11^ 16S which is subdiTided into four 
equal parts. Mariners never take mtp account a less angle than a 
quarter point, in running a conrse. 

When 1^ mariner sets his course, he makes allowance for die 
variati0n of the n6e<Ue, and his magnetic ccmrses he reduces to true 
courses, by Iknb following 

Rule. — MdJce a representation of the compass card on paper, and 
draw a line through the compass course. 

Now, conceive the compass card turned equal to the variation to the 
eastward, if variation is west, and vies versa. 
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The line will now pass over the true course. 

In the following ezamples, the true counes are xeq«ired. 



OompMi Omnn. 


TaitettiB. 


Tnw OimiM. 


1. 8.8.E.\S. 


2i if: 


S.EhE. 


2. E. i N. 


3^. 


ES.E.iS. 


3. N. W. b W. 


3|^. 


y.hW.iW. 


4. w.s.w.^a. 


4If: 


S.hW.i W. 


6. iSr. & w. 


l\W. 


S.i W. 


6. N. 


BE. 


N.E.hE. 


7. E.\iS. 


HE 


S.E\E: 


8. S. &OPB. 


IVW. 


S. 79°E. 


9. N. 24 W. 


36 E. 


IT. HE. 


10. S. 16 W. 


40 E. 


s.m w. 



LSSWAT. 

The angle included between the direction of the fore and aft Hna 
of a ship, and that in which she moves throu§^ the water, w called 
the leeway. 

When the wind is on the right hand side of a ship, she id said to 
be on the starboard tack ; and when on the left hand side, she is said 
to be on the larboard tack ; and when she sails as near the wind as 
she wOl lie, she is said to be dose hauled. Few \HTge vessels wi)} lie 
within less than six points to the wind, Uiough small ones will some- 
times lie within about five points, or even less ; but, under such 
circumstances, the real course of a ship is seldom precisely m the 
direction of her head ; for a considerable portion of the force of the 
wind is then exerted in driving her to leeward, and hence her course 
through the water, is in general found to be leeward of tliat on whicn 
she is steered by the compass. Therefore, to determine the point 
toward which a ship is actually moving, the leeway must be allowed 
Jrom the wind, or toward the riffht of her apparent course, when she 
is on the larboard tack ; but toward the left, when she is on the star- 
board tack. 

It is only when a ship crowds to the wind, that leeway is made. 

It is seldom that two ships on the same course make precisely the 
same leeway ; and it not unfrequently happens, that the same ship 
makes a difierent leeway on each tack. It is the duty of the officer 
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<rftfae watehy to ezereiM his best skil] in detemuning, or estimating^ 
how much this deyiation from the apparent course amounts to ; and 
in the dark, the ehief reliance must be placed on the judgment of the 
experienced mariner. 
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PLANE SAILING. 



]jr plane sailing, the earth is considered as a plane, the meridians 
as paraQd straight fines, and the parallels of latitude as lines cut- 
ting the meridians at right angles. And though it is not strictly 
correct to consider any part of the earth's surface as a plane, yet 
when the operations to be performed are confined within the distance 
of a few miles, no material error will arise, from considering them 
as performed on a plane surface. And, as we have already seen, in 
all questions where the nautical distance, diference of kuiiude, de- 
pariure, and couree, are the objects of consideration, the results will 
be the same, whether the lines are considered as curves drawn on 
the surface of the globe, or as equal straight lines drawn on a plane. 

In all maps, and charts, and constructions, when it is not other- 
wise stated, it is customary to consider the top of the page as pointing 
toward the north, the lower part as the south, the right side as the 
east, and the left as the west. The meridians therefore, in any 
construction, will be represented by yertical lines, and the parallels 
of latitude, by horizontal ones. 

Hence, in constructing a figure for the solution of any case in 
plane sailing, the difference of latitude will be represented by a ver- 
tical luxe, the departure by a horizontal one, and the distance by the 
hypotenusal line, which forms, with the difference of latitude and 
departure, a right-angled triangle ; and the course will be the ang^e 
included between the difference of latitude and distance. 

With this understanding, the solution of any case that can arise 
from varying the data m plane sailing will present no difficulty. 
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SXAXPLB9. 

If a sbip San from Cape St Tmcent, Portugal (Lat 3r> r 54'' 
north), 8. W, ^ 8. 148 miles ; required her latitode in, and the 
departure which she has made ? 

By Ccnuiruetim, — Draw the rertieal line AB^ to represent 
the meridian ; from the pomt A^ make the 
angle BAC=iZ\ points, the giren course ; and 
from a scale of equal parts, take ^(7as 148 miles, 
the giren distance ; frem (7 on AB^ draw the 
perpendicular OB^ then AB will be the dif- 
ference of latitude, and J? (7 the required c2e- 
pcurture^ and measured on the scale from which 
AC was taken, AB will be found 114.4, and 
J? (793.9. 

Lat left - . . 370 2' 64" K7 
Diff. lat - - - - 1 64 24 JK 

liatin- - - - 36° 8' 30'' N. Dep. 93.9 

2. If a ship sail from Oporto Bar, in Lat. 4P 9' north, K W. ^ W. 
316 miles ; required her departure and the latitude arrived at ? 

Ans. Dep. 233.4 mUes W,; Lat. 44° 41' N. 

3. If a ship sail from lat 6B^ V N., 8. E, by 8,, till her depart- 
ure is 46 miles ; required the distance she has sailed and her 
latitude ? Ans. Dis. 81 miles ; Lat 63^ 64' N. 

4. A ship from lat. 36^ 12' JiT., sails south-westward, until she 
srrires at lat. 36^ 1' N,^ haying made 76 miles departure ; required 
her course and distance. 

Ans. Course 8. 4&^ BT W. ; Distance 104 miles. 
6. If a ship sail from Halifax, m lat 44^ 44' N., S. E. ^K, until 
her departure is 128 miles ; required her latitude and distance sailed. 
Ans. Lat 42^ 61' ^., and dis. sailed 166.6 miles. 

6. A ship leaving Charleston light, in latitude 32^ 43' 30" north, 
sails Hr, eastward 128 miles, and is then, by observation, found 39 
miles north of the light ; required her course, latitude, and departure. 
Ans. Lat. 33® 22' 30" iT. ; Course N, 72° 16' E. ; Dep. 122 miles. 

7. A ship from Cape St. Boque, Brazil, in latitude 6^ 10' south, 
sails Hr. E. i 2ir.,7 miles an hour, from 3 P. M. until 10 A. M. ; 
required her distance, departure, and latitude in. 

Ans. Dis. 133. miles ; Dep. 84.4 miles ; Lat. in, 3^ 27' south. 
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8. A ship firom latitude 41^ IT y., «aiils y. JV. TT. | TT. 5^ miles 
«i hoar, for t^ dajrs ; requred ber diataaee, departiu«, aotd ladtmde 
anrived at 

Ans. Dis. 330 miles ; Dep. 169.7 mtles ; Lat 45^ 46'^ Ni 

Slmilax examples, might be given without end, but these are 
mfficiefit, lor i^bej only involve the principles of the solution of a 
ptaae rt<g;bt-aBgkd triangle. 

In Hire preee&^ examples it vnUl be •bservied 4kat we traced lat^ 
Umift frood htiUmd^ and the disftanoes east and west we •ealUMl de- 
fBX^ia^ -^ n<it €i^erenee (^ limgkude. A mw rtmaots to dd^rsMne 
S^i^mee if UmgfUtide ftxim d$parture» 

Oa Uba eqvator, 60 miles of departure are equal to one degree of 
loQgitiide, and ^ further we are from the equator, north or south, 
that is, the greater the latitude we are in, the same departlve will 
cover more longitude. 

To discover the law for changing departure to cBflference of longi- 
tude, we adduce the following figure. 

Let C7 be the center of the earth, P the 
pole, PC7 a portion of the earth's aas. 

The plane POB is the plane of one 
meridian, and PCA ^bid plane of anotber 
meridian. 

^^ is a portion of the equator between 
the two meridians, A OB is a sector in 
the plane of the equator, and DEE and 
FGQ are sectors similar to A CB. 

Observe that DB, FO, <fec., are parallels of latitude, that is, they 
are parallel to AB, the plane of the equator. 

The magnitude of JDF is called departure, and it corresponds to 
the difference of longittuie AB, 

Also, FO is departure corresponding to the saBie difference of 
longitude AB. The difference of longitude is always greater than 
any corresponding departure, that is, AB is obviously greater than 
any other parallel distance between the same two meridians. 
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Because the two sectors ACB DSH are similar, we haie the 
proportion. 

AG \ DHw AB \ DE (1) 

Observe that ^C7 is the radios of the sphere, DH ia the sine of 
the arc Pi>, or the cosme of DA^ which is the cosine of the lat- 
itade of the point i>. 

Therefore the preceding proportion becomes^ 

rad. : cos. lat : : dif. km. : dep. 
Or, COS. lat : rad. : : dep. : diL hw. 

In words, JS^oofme^ M«/a<tiftdirlil9(^MMJto«»'ii tf# dl^Mr- 
twn to the cfi^erenee of lonffUade. 

These words are indelibly engraved onthe memorj of every nav- 
igator, and they embrace all the rules that can be made for chang- 
ing departure into longitudie, or longitude into departure. 

When a ship smls east or west, the distance saQed is called de- 
parture,, and is reduced to longitude by the preceding proportion. 

This is eaSed parallel sailing. 

SXAMFLBSi. 

1. What diflference of longitude corresponds to 47 mftes departure 

in the latitude of 37^ 23' ? Ans. 59.16 miles. 

Let x=^ the difference of longitude required. 

47 X rad. 
Then cos. 37*^ 63' : rai : : IfT : «« J^^^t©^/ 

By log. 47 J? - - - 1I.67?©9$' 

Cos. 37° 23 ... 9.900144 



Diff. Lon. 69.16 - - - 1.771964 

2. Bow manQir miles, or how nwchr ikparlHire cocresponda to a 
dsgree in l^s^tude on, the pafaJQel of 42^ of latitude ?. 

Ans. 44.69^ miles. 
Here the longitude of ooe degree i» given. 

,^ ^ SOcos. 42° 
B. : cos. 42® : : W) r «= ^ 

By log, 60 . . - - 1.778161 
COS. 42<=> - - . - 9.871073 

44.69 - . - . 1.649224 
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K. B.— In this maimer the lei^h of a degree in longitade eor* 
respondhig to each degree of latitude has been found and put in a 
toble. 

3. A shqp sails east from Cape Race, 212 miles; required her long- 
itttde« The latitude of the cape is 46"* 40' J^., longitude SS^" S' IB" 
west Ans. km. 47^ 64' west 

4. Two places in lat SO^* 12' differ m longitade 34'' 48'; required 
their distance asunder in miles. Ans. 1336. 

6. How fan must a ship sail W. from the Cape of Good Hope, that 
her course to Jamestown, St Helena, maj be due north ? 

Ans. 1193 miles. 

^*P^ilon.l80 23'J^. '«»«»*^^ i Ion. 50 43' 30" W. 

6. How &r must a ship sail K from Cape Horn to reach the meri- 
dian of the Cape of Good Hope ? The latitade of Cftpe Horn 
bdng 660 68' 30" S., Ion. 670 21' W., and the latitude and longi- 
tade of the Cape of Good Hope being as stated in the last example. 

Ans. 2878 miles. 

7. In what latitade will the difference of longitade be three times 
its corresponding departure ? In other words in what latitade will 
i^ be one-third of ulfi? ( See last figure.) 

Ans. lat. 700 31' 44". 

8. Take the 2d example in plane sailing ( page 181 ), the depar- 
ture made, as stated in the answer, is 233.4 miles. What is the 
corresponding difference of longitade ? Ans. 6'' 18' 24". 

This inquiry now arises. To what latitude does this departure 
correspond? Is it to the latitade left, 41<^ 9', or to the latitude ar- 
rired at, 44^ 41' ? Or does it correspond to the mean latitude be- 
tween the two ? 

If we suppose the departure corresponds to lat. 41^ 9', then the 
difference of longitade bj the preceding rule must be 6° 10', and if 
the departure corresponds to lat 44^ 41', then the difference of lon- 
gitade is 6^ 28'; the mean of these is 6^ 19', and if we take the de- 
parture to correspond with the mean latitade 42^ 66', then the dif- 
ference of longitade would be 6® 18' 24". 

In the examples under Plane Sailmg we have supposed the eartb 
a plane, and the course a ship sails a strug^t line, but neither sup- 
position is strictly true. 
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Meridiaiis are n<4 partdld wkh each others and Uiereibre when a 
ship saila by the compass, and cuts all the meridians at the same 
angle, the line that the ship sails wQl not be a right line : it will be 
a cunre line peculiar to itself, called a rkmn^ line. 

Fcr the sake of ilhistralioB^ let ua mppoae 
that in the annexed figure, P is the north 
pole, XQ the equator, or a great cirole» 
every part of which is a quadrant distance 
from P ; P£, PL, PM, &c., great circles 
passing through P, and of course cutting 
the equator at right angles ; AT, bB, BS, 
&c., arcs of smaller circles parallel to the 
equator, and therefore cutting the meridians 
at right angles ; AE & curve cutting every 
meridian which it meets, as PK, PL, PM, dbc.» at the same angle. 
Then PIT, PL, &c., produced till they meet at the opposite pole, 
are called meridians ; AT, bB, JRSy ^c, continued round the globe, 
are called parallels of latitude ; ^^ is called the rhumb line, passing 
through A and E ; the length of A£J is called the nautical distaaee 
from ^ to ^; and the angle BAb, or any oi its equals, cBO, dC3l 
<fec., is called the course from A to K 

If a ship sail from ^ to ^, EF will be her meridian distance ; but 
if she saO from B to A, ^/ will be her meridian distance. 

If AB, BC, CD, &c., be conceived to be equal, and indefinitely 
small, and their number indefinitely great ; then the triangles ABb, 
BcC, (fee, may be considered as indefinitely small right-angled plane 
triangles. And as the angles BAb, CBc, <fec., are equal, and the 
right angles AbB, BcC, <fec., are equal, the remaining angles AM, 
BCc, <&c., are equal ; and as the sides AB, BC, <fec., are also equal, 
these elementary triangles ABb, BCc, CDd, &c., will be all iden- 
tical triangles ; therefore AE will be the same multiple of AB, that 
the sum of Ab, Be, Cd, <&c., is of Ab ; and that the sum of M, Cc, 
Dd, Ac, is of Bb. 

It is obvious that 

Ab+Bc+ Cd+&c.=AF 
the whole difference of latitude. And, 

Bb+Oc+Dd+Ee+&c.=t\ie whole departure. 
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But this departure is neitfaer EFwxt ^ H is greater than EF 
and less than AI; because hB is less than its oorrespondiiig por* 
tion on ^i/and greater than its corresponding portion on FE. The 
same may be said of eC^ I>d, 4c. Therefore the departure on anj 
course corrsspondstoMftM^r q^lA« exireme latihid$9, but to Mm^mean 
between the two* and it is so near the arithmetical mean, that the 
arithmetical mean is taken as the true. 

Therefore in all those examples in Plane Sailing, on page 181, we 
can take the departures and find the corresponding differences of 
longitude, prorided we take the middle laiiiude and consider the 
departure run oa that parallel. 

This method of connecting the change in lon^tude with a ship's 
change of place is called 

XZDDLX LATITtTDB SAILING. 

But in reality there is no such thing as middle latitude sailing ; 
the cosine of the middle latitude is compared to the radius, as the 
ratio between the departure made and the corresponding difference 
of longitude, but the departure made may be made on one course or 
on several courses. When a ship sails on several courses before 
the run is summed up, the summing up and finding the result in one 
course and distance is called working a traverse, and sailing from one 
pdnt to another by several courses is called 

TBAVBBSn SAILING. 

With adverse winds or crooked channels, vessels are obliged to 
run a traverse. Gk>ing round a survey and keeping an account of 
our course and distance from the starting point \%'w(yr1nng a traverse, 
and the operation is the same on sea or land, except on land we aim 
at coming round to the same point again, but on sea we wish to make 
some other point 

With this explanation it is obvious that we must make a table as 
in a survey, and compute the course and distance from the starting 
point, and this is called the couree and distance made pood. 

To work a traverse we use the traverse table of course ; that table 
is made to every half degree, and the colunm in the table nearest to 
the course is sujficiently exact. 
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The Mowing table gives the degree and parts of a degree corres- 
ponding to ererj pomt and quarter pdmt of the compass. 



Mate. 


j)» 


FoiBlb 


»«. 


i 


V> 48' 46" 


H 


470 48' 46" 


i 


6«S7'3(r 


H 


6OO 37' 30" 


i 


8« 88' 16" 


H 


630 26' 16" 


1 


11<» 16' 


6 


660I6' 


H 


140 3' 46" 


6i 


69° 3' 46" 


H 


leofiTSO" 


6* 


61° 62' 30" 


H 


\V> 41' 16" 


61 


640 41' 16" 


t 


w>9y 


6 


67030' 


H 


260 18' 46" 


6i 


700 18' 46" 


«i 


ggo 7'3(y. 


H 


730 7' 30" 


«i 


30« 66' 16" 


6* 


760 66' 16' 


3 


33046' 


7 


780 46' 


3* 


360 33' 46" 


7i 


8I0 33' 46" 


^ 


390 22' 30" 


H 


84° 22' 30" 


\ 


42° 11' 16" 


74 


870 11' 16" 




46° if 


8 


900 0' 



3* 



In works exclnsiyely designed for practical navigation, the traverse 
table is adapted exactly to the points and quarter points of the 
eompassy but the table in this work is sufficient for the purpose. 

The use of this table is to find the degree corresponding to any 
given course, thus : N. by E., N. by W,, S. by JS., S. by W., 
each correspond to 1 point or 11^ 16'. In using our traverse table 
for 1 point we should take a mean result between ll'^ and 11^ 30', 
which mean result can be taken by the eye. 

Again S.K by B.^B/is 5^ points, or S. 59^ K nearly, and so on 
for any other course that may be named. 

The student is now fully prepared to work the following examples 
in traverse sailing. 

SXAMPLS8. 

1. A ship from Gape Clear, Ireland, in lat. 51^ 25' J^. and longitude 
90 29' w., sails as follows : 

S. S.KiKie miles, JE. S.K 23 miles, S. W. by TT.^ TT. 36 
miles, W. } JV: 12 miles, and JS.H. by KiK 41 miles. 
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Beqiured her ooorse aad distance made good, tbe departme^ lali* 
tade and longitude of Uie ship. 

By CansirucHon, — Take ^ fbr the place sailed from, and draw 
the vertical line NASC, to represent the meridian. About ^, as a 
center, with the chord of 60^, 
describe a. circle, cutting NO in 
JiTand S; then JVand 5 will 
represent the north and south 
pomta of the compass. Take 2^ 
points from the line of chords,* 
and apply it from Sioa, jdn 
Aa, and on it take ADs=16 from 
a line of equal parts. Then 2> 
will be the place of the ship at 
the end of the first course. From 
jS^, set off Sb=:6 points from the 
line of chords ; join A h, and 
through D draw DII, parallel to 
Ab, and make it equal to 23 from 
the same scale of equal parts 
that AD was taken from. Then 
JS will be the place of the sh^, 
at the end of the second course* Make Sc^sS^ 'poiatM, y d7^ 
points, and Se 5^ points, taken from the line ei chords^ Thzoogh 
£ draw HF, paraUel to Ae, and make it equal to 36, from the scale 
of equal parts ; through F draw FG paraJld to Ad, and make it 
equal to 12, from the scale of equal parts ; through G draw GB 
parallel to Ae, and make it equal to 41, from the scale of equal 
parts. Demit BC a perpendicular, on the meridian XC, and join 
AB ; then B will be the place of the ship, A B her distance from 
the place which she left, -4C7her difference of latitude, BC her de- 
parture, and i?^C the course which she has made on the whole. 
Now, AB, AC, and BC being measured on the scale of equal parts 
frx>m which the distances were taken, we have ^2^=62.7, AC=^ 
69.6, and ^(7=19.6 miles. And the arc included hj AC and AB 
if measured on the line of chords, gives about 18® for the measure 
of the course BA C. 

• Two and i points it 250 IS' 45", that it, take the chord of 350 18' in tha 
dividen, and set it off from • to «, and 00 on, for otiier anglaa. 
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CMont. 


PMnti. 


INt. MLLrt. 1 tww 1 




H 


"16 


M. 


8. 


1. 


w. 


E. s. £. 


14.6 


6.8 


6 


23 




8.8 


21.3 




s. f: by w. \w. 


u 


36 




17.9 




31.8 


7^ 


12 


LB 






11.9 


S.KhjEiE. 


6^ 


41 




21.1 


36.2 






1.8 


61.4 
1.8 


63.3 
43.7 


46.7 


Beiiik 




69.6 


119.6 





Latleft 
diff.]at • 

Lat in 



610 26' K 
1 00 S. 



BO 26 If . lGd.lat60''66' 
To find the coarse and distance, by trigonometry. 
As dif. lat 69.6*ni]les 

: radius 90'' 
: : dep. 19.6 miles 
: tan. course 18^ 12' 

As sin. coarse IB"" 12" 
: dep. 19.6 miles 
:Badius 

: Dia. 62.76 milea 
To find the di£ of longitude. 
As cos. 60« 66' 

:Badias 
: : dep. 19.6 
: diff. Ion. 31.09 inika 



1.776246 

10.000000 

1.292266 

9.617010 

9.484621 

1.292266 

10.000000 

1.797636 



Lon^^tudekft 
diff. Ion. 



9.799661 

10.000000 

1.292266 

1.492606 

9^' 29' west 
31 east 



8^68' west 



Lon.m 

Thus, we hare found the course 18^ 12' ; Distance 62.76 nules ; 
diff. bi^tude 31' E; lat in 60.26 If.; Ion. S"" 68' W. 

If these be the distances run in a day, from noon to noon agam, 
then the preceding operatiim is called worldng a day's work ; othcF- 
wise it is called woxUng a trarerse, aa we have mentioned before. 
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Bttt this is not the Homm^^-nvj of ymxMag s day's work, he does 
it all hy inspeafion, in the traverse table. For ezanxple, taking the 
result of ^ trarerse 59.6; south, and 19.6 east, which shows that 
the resulting course ia between the soutbi and the ea^t, and witb 
these numbers he enters the trayerse table,, and finds, as near as 
possible, 59.6 and 19.6, standing as latitude and d^arture ; and 
they are found nearly under the angle of IB^, an<it opposite the dis- 
tance 63. nearly. 

Henee, he takes his course as 5. IS'' E,, and dis. 63. To find 
the difference of lon^tude, he takes the mMtdte latitude as a course, 
and the departure aa diftrenee of latitude, M#» the distance in the 
table ie diferenee of longiiudei. 

In iUa instance, we take 51° as a course, and in the difference of 
latitude column we find 19.5> and the distance opposite to it is 31.» 
which we take for difference of longitude. 

The reason for this is as follows : 

For the longitude we have, 

COS. mid. L : M :: dep. : diff. Ion. (1) 

In the construction of the traverse table, we have, 

COS. course : B. : : diff. lat. : diet. (2) 

Now, in proportion'(?), if we take the middle latitude for a course, 
and the dep. for difference of latitude; it necessarily follows, that 
the last term of proportion (2) most be dift of longitude; for 
proportion (2) would then be transfonsed inta pfopomioor (1). 

2. A ship sails frmn Cape Clear, as fdllaws ;, S^\^j Wl 23 miles ; 
W.S. W.40nakm;S. W.iW. 18 miles; ET. ^ iVT- 28 miles ; S.hj 
E. 12 miles ; /9. iS^ JET. | JSr. ]6 mUes. 

Required th^ course and distiiBce made^ good^ and the latitude 
and longitude avrivied «l. 

iins. Course 8. 45° 47' W.\ dis. 102.4 miles. 
Latitude of ship 50° 14' N. ; Lon. 11° 25' W. 
3* A ship at noon,, on a certain day, was in lat. 41° 12' iV., and 
longitude 37° 21' W,^ she then sailed as Mows : 

8. W. by TF; 21 m. ; S. W. fS. 31 m. ; W: 8, W: ^ & 16 m^; 
». f jr. 18 m. ; S.Wli W., 14, aod IF. ^ iKL 301 miles. 
Bwittired hereouiee, distanoe, laftitads^ and io:i^tiiidaw. 
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4. Last noon we were in laAitade 28* 46' mfttth, and longitude 
32* ftty west ; sinee then we kare safled bj tke log : 

8. W.i W. 62 m. ; S. by Fl 16 m. ; F! i A 40 m. ; S.W.^W: 
29 m.; /9. by^SO m.; and i9. | iP; 14 miles. Required the direeft 
oonrse and distance, and our present latitude and longitude. 
Ans. Course S. 48* 14' W. ; Die. 168 m. ; lat. 30* 41' S.; 

Ion. 34* 24' W. 
6. A ship from Toulon, lat. 43* T JT., Ion. 5* 66, K, sailed 

5. S. ir. 48 m. ; S. by JT. 34 m. ; S. W. \ W. 26 m. ; and E. 
17 mfles. Required her course and distance to Port Mahon, Lat 
39* 62' N., and longitude 4* 18 30" east. 

Ans. Lat. of ship 41* 32' K ; Ion. 6* 37' east 
Course to Port M. S. 31* W. nearly, and distance 1 17.6 miles. 

6. On learing the Cape of Good Hope, for St. Helena, we took 
our departure from Cape Town, bearing S, E, by 5. 12 miles, after 
running K TT. 36 m., and K W. by IF. 140 mDes. Required our 
latitude and longitude, and the course and distance made. 

N. B. Lat of Cape Town 33* 66' S. Lon. 18* 23' E. 

Lat of St Helena 16* 55' S. Lon. 6* 43' 30" Wi 
Ans. Lat 32* 3' S. ; Lon. 16* 26' E. ; course y. 62^ 41' W, ; 

dis. 187 miles. 

BAILING IN CUBBKNTS. 

If a ship at B, sailing in the direction BA, were in a current which 
would carry her from BtoC,'m the same time that in still water she 
would sail from B to J, then, by the joint 
action of the current and the wind, she would 
in the same time, describe the diagonal BD 
of the paraUelogram AB CD, For her being 
carried by the current in a direction parallel 
to BC, would neither alter the force of the 
wind, nor the position of the ship,northe sails, with respect to it ; the 
wind would therefore continue to propel the ship in a direction 
parallel to AB, in the maimer as if the current had no existence. 
Hence, as she would be swept to the line CD, by the independent 
action of the current, in the same time that she reached the line AD, 
by the independent action of the wind on her sails, she would be 
found at D, the point of intersection of the lines AD and CD, hav- 
ing moTed along the diagonal BD, 
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* 

Now the log heayed from the sldp in the ordinary way, eaa give 
no Imitation of a current ; for the line withdrawn from the reel is 
onlj the measure of what the ship sails Jrom the log; and, conse* 
quently, as the log itself as well as the ship, will more with the 
current, the distance shown by Uie log in a current, is merely wluut 
it would hare been if the ship had been in still water. 

If the ship sail in the direction of the current, Uie whole effect of 
the current will be to increase Uie distance ; but if she sail against 
the current, the difference between the rate of sailing g^yen by the 
log and drift of the current, will be the distance which the ship 
actually goes ; and she will move forward, if her rate of sailing be 
greater than the drift of the current, but otherwise, her motion will 
be retrograde, or she will be carried backwards, in the direction of 
the current. 

Problems relatmg to the oblique action of a current upon a ship, 
may be resolved by the solution of an oblique-angled plane triangle, 
such as ABDf in the preceding figure, where if AB represent the 
distance which a ship would sail in still water, and AD the diift of 
the current in the same time, BD will be the actual distance sailed, 
and ABD the change in the course produced by the current 

A great variety of problems might be proposed relative to currents, 
but the chief ones of any practical importance, are the following : 

1. To determine a ship's actual course and distance in a current, 
when her course and distance by the compass and the log, and the 
setting and drift of the current, are given. 

2. To find the course to be steered through a known current, the 
required course in still water, and the ship's rate of sailing, being 
known. 

3. To find the setting and drift of a current, from a ship's actual 
place, compared with that deduced from the compass and the log. 

The first of these cases may be conveniently resolved, by con- 
sidering the ship as having performed a traverse, the setting and 
drift of the current being taken as a separate course and distance, 

EXAMPLES. 

1. If a ship sail W. 28 miles in a current, which in the same time 
carries her KN.W,^ miles, required her true course and distance. 



SAJliIN^ IV CU1RENT8. 



1« 



N. B. GonceiTQ tke eurrent to be one course and distmoe, and 
with the other courses find the course and distance made fpod» 
Thus, by the trayerse table : 



Ooam 


Dii. 

88 
8 




» r w. 1 


N. jr. w. 


7,39 






S8 
3.06 


7.39 


31.06 



As 7.39 : rad. : : 31.06 : tan. 1%^ 36', the coarse, 
cos. 76^ 31' : J2 :: 31.06 : 31.93, the distance. 

2. If a ship sail E. 7 miles an hour by the log, in a current settii^ 
JK ilT. S. 2.5 miles per hour \ xe<}uired her true course, and bou^y 
rate of sailing. 

Ans. Course JT. 84^ 8' ^., and rate 9.358 per hour. 

3. A ship has made by the reckoning N, \ W. 20 miles, but by 
observation it is found, that, owing to a current, ahe has actuimy 
gone N, N. E. 28 miles. Required the setting and drift of the cujr« 
rent in the time which the ship has been running. 

Ans. Setting N. 64<^ 48' E.y and drift 14.1 miles.. 

4. A ship's course to her port is W. N, W., and she is runiung 
by the log 8 miles an hour, but meeting with a current setting 
W, i S.4 miles an hour, what course must she steer in the current 
that her true course may be W, J^^Wt 

Ans. Course iK 44^ 39* W. 

5. In a tide running iT. W.h W.S miles an hour, I wished to 
weather a point of land, which bore Jf,E, 14 miles. What course 
must I steer so as to clear the point, the ship sailing 7 miles an hour 
by the log, and what time shall I be in reaching the point ? 

Ans. Course H, 69^ 51' E., and time 2 hours 25 minutes. 

6. From a «b^ in a cnrrenti ateenng W. Sl^ W. 6 milea m hour 
by the kf^ a locfc was aeen at 6 in the eTenmg, haariag S^W.^ S, 
20 mika. The ship was lost on ^ mdk at 11 P« M. ite^wed the 
setting and drift of the eanwnt 

Ana, ^MmgllU'^ W M^mAii^9MwlmfK.}mr. 
l» 
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CHAPTER III, 

MERCATOR'S CHART AND MERCATOR'S 
SAILING. 

In representing any small portion of the earth's surface, it is suf- 
ficiently accurate to represent the meridians as parallel ; but if the 
portion of the earth is considerable, the representation will not be 
true unless the meridians are curved. 

If we make a chart and draw all the meridians parallel with each 
other, the length of a degree of longitude in all places, excig/jt on the 
equator, will be greater on the chart than its true distance, but the 
true bearing of one place from another will be preserved, provided 
we increase the degrees of latitude in the same ratio as the degrees 
of longitude are increased. 

Gerrard Mercator, a Fleming, in 1556, published a chart which 
seemed to embrace this idea, but he did not show its construction, 
nor were his degrees in their true proportion ; but from this came 
the name of Mercator's Chart. 

A Mr. Wright, an Englishman, in 1599, it is said, published the 
true sea chart, constructed on the following principles. 

1. The distance between tvoo meridians at the equator, its to ilieir dis' 
tance in aw/ parallel of latitude, as the radius is to the cosine of that 
latitude, 

2. Any part of a parallel of latitude, is to a like 2^aH of Uie meri- 
dian, as the radius is to the secant of that paraUeL 

We shall make an effort to illiustrate these principles by the fol* 
lowing figure. 

Conceive the equator to be extended both ways parallel to the 
earth's axis, thus forming a cylinder^ whose circumference is just 
equal to the circumference of the earth. 
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Let Q^ be the plane of the equator, Pp the earth's axis ; oon- 
cdve a globe enclosed in the cylinder, HLNM. 

Sappose there is an island on the earth at a, that island is projected 
on the cylinder at A. The surface of the earth at I is projected at 
B. Conceire this paper cylinder cut by a line at right angles to 
the equator and rolled out, it will then be a true representation of 
Mercator's chart. 

The scale on the globe at a is, to the scale on the chart at A^ as 
Oa to CAf that is, as radius to the secant of the latitude at a. 

The scale on the chart at A is, to the scale on the chart at jS, as 
OA is to CBt that is, the scale on the chart increases as the secants 
of the latitudes increase. 

The poles of the earth, and places very near the poles, can never 
be represented on this chart. 

The meridian distance of a degree on the globe, as at a, is 60 
miles, on the chart at j1 it b 60, into j1C7 the seciant of the latitude, 
calling (7a unity. 

If we conmience at the equator at Q, and take one mile for 
unity. Then, 

Mer. pts. of 1'= nat sec. 1 
Mer. pts. of 2'= nat. sec. 1-|- nat. sec. 2 
Mer. pts. of 3'= nat. sec. r+ nat. sec. 2'+ nat. sec. 3 
Mer. pts. of 4'= nat. sec. I'-f- nat. sec. 2'+ nat. sec. 3' 
+ nat. sec. 4', <fec., <fec. 
In this manner the table of meridional parts was originally con- 
stmcted. It is Table lY of this work. 

The following figures represent any problem than can arise in 
Mercator's sailing. 

A represents the true dif* 
ference of latitude. 

AD represents the meridion- 
al difference of latitude, which 
is always taken from the table. 

CB represents the departure. 

DH the difference of longi- 
tude. 
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AB represents l!he distance. 
A, tlie angle at A, represents tlie course. 
Tkm of these m quantities must be giren to solve a prolblem. 
Obserre thai the dtfferenoe of kt^^tade DJS is alwujs greater 
thantfMdspartwe GS* as it ought to be. 

SXAlCf LIS. 

1. A ship from €ape FinlEltefre, !& lat. 4f^ 59" Jf., waA krtsgfttiA^ 
8^ W W., sifled S. W.\W.iSt herdiffereMe of loi^tttde is 1^4 
mOes ; Teqnired thediirta&oe sa^d«idl9ielBttt»ile in. 

Byhgorkkm. Aaraditis 10.000000 

: diff. Ion. 134 mfles - - - - t.lf7105 
: : cot. course 4^ p<Hnts • - - 9.957!l!95 
: mer. diff. lat. 121.5 miles - - 2.084400 
Lat Cape rmisterre 42<> 56' i\r. Mer. parts - 2858 

Mer. diff. - 121 
Lat 41® 27' jr., corresponding to - - - 273XintaUe 

Ajb cosine course .••-«.«. 9«827085 
: proper <Hff.kt. 89 ndles - -1*949590 

: : rsdios • lOOOOOOO 

^. dis. 132.6 lafles - ^ * - ^ 2.122)05 

2. A ship from lat. 40^ 41' i^T.^lon. \e^ 37' IT!, sails in the K 
JB. qnairter till she arnTOS in liO. 43^ 57' If., <md has made %48 'i»aes 
d€|partare ; required her course, distance, an^ longitude hi. 
Ans. course JT. 51*^ 41' JP., ffis. ^316 miles, and Ion. in ll'O W. 

X How far must a ship uSLKE.^K from lat 44^ 12' N^ Ion. 
22i^ ir^tldlMMih the |mSUl «l ^^ K, and what from diat jxnnt 
wl W 4be^beK% rtAJ Bteum i dT Ushant, which is in lat 48'' 2ft' 
ir.m^%m.^i' Fit 

Adttw She isildit ssB IM in8ea,«nd her course 4md distance to 
Uski«tivffl«wiil>e Jf. W'SSt! S^ and dis. 535 miles. 

4. A.^rib^%«n the Hvsipt dT CNnnI Hope steers E. ^ S. 446 miles, 
reqtdreft %ter ^Aace, mA Iter ^coarse, and distance to Kerguel^'» 
Land, m lat 48<' 41' jS., and Ion. 69^east 
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Aiuk lat. m 350 13' S., Ion. in 2^ ^V S., coune S. ee^' 25' E.^ 
and distance 2018 mOes. 

5. By observation, a ship was found to be in lat. 41^ 60' 8., Ion. 
68<^ 14 E. She then saOed K E, 140m, bjxA E ^ 8. 76m; required 
her place, and her course, and distance to the island of St. Paul, 
which is in UL 38^ 42' 8., and in Ion. 77^ 18' B. 

Ans. kt 40<' 18' 8., Ion. 72<^ 2', course K 68'' 35' E, and dis. 
263 miles, nearly. 
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CHAPTER I. 

Wb now ccKme to the more scientific and essential parts of navi- 
gati(m, the determination of latitude and longitude .by celestial 
obserrations. 

We shall at present confine ourselres to latitude, first calling to 
mind the following necessary definitions and explanations : 

1. MsHiDiAN. — The meridian of any place is the north and south 
line passmg through that place, and it may be conceived to run along 
the ground or pass in the same direction in the heavens, through the 
point vertically over the place. The line on the earth is the terres- 
trial meridian, the line in the heavens is called the celestial meridian ; 
they are boUi in one plane with the center of the earth. 

2. Equator. — The equator is that circle around the earth over 
which the sun seems to pass when the days and nights are equal 
all oyer the earth. 

3. Latitubk. •— The latitude of any place is the meridian distance 
of that place from the equator, measured by degrees and parts of a 
degree of arc. 

4. LoNOiTUDS. — The longitude of any place is the inclination of 
the plane of its meridian, with the plane of some other definite 
meridian &om which reckoning is made. This inclination is meas- 
ured on the equator by degrees, minutes, and seconds of arc, and it 
Is either east or west.* 

*Thefiz*t meridian to reckon from may be arbitrarily chosen, and different 
nations liave taken different meridians for tlie commencement of long[itude, but 
enstom and long association have pretty firmly fixed the meridian of Greenwich 
(England) as the first meridian for aU who ose the English langnage. 
(198) 
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«. Dmovaibok. — The dMBntim if m hMMity Iwd^ « its 
meridian distanoe from tlw«qiwUir«of(iiiir eevlb. 

6. ToLAB DiBTAVOB. — The polar ifistanoe of a hodj is its decli« 
nation added to, or std>tracted from 90^. If both added and sub- 
tracted, we shall hare the meridian distances frxim each pole. 

The distanoe fitmi the north pole, is «aUed noitfi polar ikfltmm, 
and from the south pole, south polar distanos. The hue polar dis- 
tances must of course make 180^. 



7. Zehkb. — Zeniih is the point in die hsavimii tdmody ^fwmf- 
head. 

B^ Housov. — The horiaoo is cithar j^fypareni^r nal, at as oom- 
mraily expressed, ientible or raiumaL 

The $enMle horison is a plane confoeifed tetoueh'the«arth«t nj 
pdnt at which an observer is situaled. 

The raUonal horiscm is a plane paralkl to the^sensibfeone, passing 
through the oenter of the earth. 

The venith is ihe pole to the hori«m. 

9. Gbeat Cibolbs.— - a great drcle in the hearensis -any circle 
sAflEMjdbne pasHB fttough the eeoter of the esath. 

^yi^pnotiinsoiles'iiidch pass through the zenith are perpendicular 
Id ^flie homaa, mid sodh isroles are called vertieal thvi9$, azimiah 

JKL iiiBiiiiii.'— ^'Haie «i^1e which the meridian makes with that 
vexlisal xaxHk "Wbidi ^passes through any object is said to be the 
adnnih'ef ihat c^eet. Hence, aximuths may be reckoned from the 
BflBfiiasr iBDO&jH^Bte^of the horiaon. 

11 . Av e mnm . — 'The altitude of any object is its angular distance 
from ihe 'horizon, measured on a Tertical cbcle.* 

Altitudes are very frequently measured at sea, several times in a 
day in fair weather ; but altitudes observed from the surface of the 
earth, or above it, require several corrections before the true alti- 
tudes can be deduced fr^m them. 

• We do Botimteiid to gifo all the definitioM of the^heBs, bmt we •l^»p«» 
tim iMcler tecOfeedy acquainted with theni, fiomhieikaowiedfa^f Get^papby 
and Aetronemy. 
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These oomotkms are kir $emiHiiamiier, dip, rtfraelkn, tsAparaUax. 
The correctkm for semi-diameter is obyious. 

At sea, the risible horizon (from which all observed altitudes are 
taken) is where the sea and sky apparently meet, and when the eye 
of the observer is above the water, this visible horison is below the 
tensible horiion, and the amount of the depression is called the dip 
/tk$ hcrwm. Its correction is always subtractive, and its amount 
18 to be found in Table Y* 

Refraction is to be found in Table VII. It is always subtractive, 
and for the reason, see some treatise on natural philosophy. 

Parallax is always additive. Conceive two lines drawn to a hea- 
venly body ; one from an observer at the circumference of the earth 
and the other from the center of the earth, the inclination of these 
two lines is parallax, and when the body is in the horizon its parallax 
is greatest, and it is then called horizontal parallax. 

Parallax always tends to depress the object, but the parallax of 
any celestial object, except that of the moon, is so small, that we 
shall pay attention to lunar parallax only, but this is so important to 
nav]gati(m that we shall give it a full explanation. 

The moon's horizontal parallax 
is given in the Nautical Almanac for 
every noon and midnight of Green- 
wich time, and from the horizontal 
parallax we must deduce the paral- 
lax corresponding to any other 
altitude. 

Let AC be the radius of the 
earth, A the position of an observer, 
Z his zenith, and suppose iT to be the moon in the horizon ; then 
the angle AHC* is the moon's horizontal parallax, and the angle 
AhC is the parallax corresponding to the apparent altitude hAff. 
Draw Am parallel to Ch, then mAff would be the tme cdtkude. 

* From this figure we draw the following definition for horizontal parallax. 

The horixonUd parallax of any body io the an^ under toftie& the eem^diamder qf 
the earth wotdd appear ae teen from that body. Of course then, when the body is 
at a great distamse its horizontal parallax most be small, hence the sun and tho 
remote planets have very little parallax, and the fixed stars none at alL 
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lontal parallax^ and «= the paralkz m «kitade» or Ihe a^^ mAk 

otAka 

Now a the trittigk ^Ci% nght-ai«ied at ^ m Itaye 

1 : mxLp : \Ri AC. 
In the triangle ACh ire have 

sin. CAh : am. or : : J2 : AC, 

Bj oomparing these two proportions, we peroeiye Hist 

1 : nn. ^ : : sin. €Ah ^ rin. x * 
Whoaofl^ sin. jts sin.;>. sin. CAh 

Ikk m^<SAkst ^m.hAH, for the eSne of any aire gre«ter tha M'' 
ii^fwl t» Aia ooaiw of the excess oyer 99*, !ieace» 
.sin.ar= wn.p cos. H^iSr 
IheUiiiai honMoAal parallax is rarely over s degree, eouBrarfj 
less, and the ^e of a degree does not materially dil^ ffon €be ato 
itself, hence, the preceding equation becomes the <fbfl0wnig, witlioiA 
any essential error. 

lihift ia, ««f» 00a. aittede. 

Or^ M wmit^ At parwUtm m oWMk it ^guai io Urn Aertroatf 



XXAMVLB8. 

&. llibif|«m0^ilftade (^<he vKxm^ioaator afterMngeonedted 
*m 4iip iindM&aoi&A wsB BP ST; and te iioriadntal paawlbx ^ 
iMt^ne, WbeA ^fome sautieal flJmaBac,w«a ST' $7"; what waa Aft 
correction for ^Miralkx, andwlntwas ttie Inie ^Wtnda «b Mm tan 
«ieMMriler4€«teeax!liif 

j?=67' 37"=346r' log. - - 3^8699 

31° 26' cos. - . 9.931162 

«=49' 10"=:2960 log. - - 3.469861 

Am. Cor. Ibr itanOaK 49' flO^ 
l^e akitede ST 14' 10" 
2. The apparent altstade of the miooa's ocnter «n.a eevtata 0Ba»» 
taon was 4^° 17'; and its hoziaonkJ paraUaz at the same iime was 
68' 12"; what was the pamllax incdtitade, and what was the maon^a 
true altitude? Ajosl Paralkx in alt. 43' 4" 

True alt. 43** 0' 4" 
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No other examples of this kind are necessary, as they will inddea- 
taDy oecur in sereral places further on. 

It now remains to describe the instroment used for taking angles 
at sea. We, therefore, gire the following iUostrations on the 

QUADRAHT AHD 8BXTANT. 

The quadrant and sextant are essentially the same instrument, 
and the following is an explanation of the principle on which they 
are constructed. 

Let ABO be a section of a reflecting sur- 
face, FB a ray of light falling upon it, and 
reflected again in the direction BE, and BD 
a perpendicular at the point of impact ; then 
it is a well known optical fact, that the angles 
FBC and EBA are equal, and that FB, DB, and FB are in the 
same plane. 

Again, if AO were a reflecting surfiace, 
and a ray of light, SB, from any celestial 
object S, were reflected to an eye at F, the 
image of the object would appear si S' on 
the other side of the plane, the angles SB A 
and ABS\ as well as FBC, being equal ; 
and if FB bear no sensible proportion to 
the distance of S, the angles SFS' and 
8BS' may be considered as equal; for 
their difference, BSF, will be of no sensible magnitude. 

Before we proceed to the direct description of the sextant, it is 
necessary to give the following important 





LXMMA. 

If the exterior angle t^ a triangle he bisected, and also one of the 
inUrior opposite angles, and the bisecting lines produced until they 
meet, the angle so/ormed will he half the other interior opposite angle. 

Let ABC be the triangle, and bisect the exterior angle A CD 
by the line CF, and the angle B by the line BF. 

The angle F tmll he haff the angle A. 

Let each of the angles AOF, FCD, be designated by « ( as rep* 
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resented in the figure ), and 
each of the equal parts of the 
angle B by y. Let A repre- 
sent the angle A, mi £ ibt 
angle £!. 

Now as the sum of the three 
angles of every plane triangle 
is equal to 180°; therefore, in Uie the triangle ABC, we hare 

^+2y+C«180* (1) 

Also, in the triangle £BC, we hare 

£+y+(7+af=180^ (2) 

Subtracting (2) from (1) gives us 

-4— ^+y— «=0 (3) 

Whence, j4=-^-f-(a>— y) (4) 

But because d; is the exterior angle of the triangle ECB 

x^=iE'\-y (see Elementry Geometry.) 
Or, (a?— y)=^ 

This value of (a?— y) substituted in (4) gives 

A^^E, or Jr=-^ Q, E. D. 

Another DenumstraHon,^ The angle x befaig the half of A CD is 
equal to 

2 
The angle x is also equal to E+y, because it is the exterior angle' 
to the triangle EBC. 
Therefore, by equality, 

•Whence, £!=iA Q. E. D. 
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We are now prepared to 
of 
[qmdnmL 
Tim iMto i M MB i Kepro* 

0Ml6dbjtiM( 

ii a q[«idnai cr a 1 
tmmtmg ta ihm wnwmr 

tains 90'' or 120% but each 
actual degree of arc is 
graduated to 9?, and tihe 
space that covers 90^ is 
really but 46^, and so on. 
The reason why a kaff 
degree is counted and tnark* 
ed <is a whole one, we ar$ 
abotd to explain. 

ABO IB a firm plane sector, comnxMlj made of metal or ebonj; 
AJ is a revolving index bar, turning on the center A, to which is 
attached a vernier scale, revolving over the graduated arc. 

The graduation commences at ^. At ^ is a smaU plane mirror, 
perpendicular to the plane of the sector, it is attached to the index bar 
and revolves with it. This is called the index mirror or index glass. 

At jfiT is another small mirror, half silvered and the other half 
transparent. This is called the horizon glass ; it might be called 
the image glass. 

The horizon glass must be perpendicular to the instrument, and 
parallel to AB, 

Now conceive a ray of light coming from an object S, striking the 
mirror A, the index and mirror being turned so as to throw the re- 
flecting ray into the mirror H, this mirror agains reflects it toward 
E, and an eye anywhere in the line 2>^will see the image of the 
object behind the mirror H. Conceive the ray of light from S to 
pass right through the mirror at A, to meet the line HE; then; it 
is obvious that the angle SED measures the angle between the 
object 8 and its image D. 

Now, in the triangle AEH^ by a little inspection, it will be found 
that HL bisects the exterior angle, and A J, the index, bisects one of 
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die Ulterior opposite Angles ; tlnMreft^e, by the j^^sctttty Imma, the 
angle JZ:^^ is half the angk at £, but as ^^ and the mirror J7 aie 
parallel, the angle HLA is eqiial JAJB. It is obnons thai JAB is 
measured by the arc JBJ, or it measures the angle at £, if half de- 
grees on BO are counted as whole ones, irhieh was to be shown. 

▲ tube, and soroetiiwfts a smaO tdescope» is i^taehed to the bar 
AB, and jdaoed in the direction of the line JBBi This is called the 
' line ^ tighJU 

VHB AB/ITSTXlirT OV THX INSTBUXBKt, 

When this instrument is i« adjustm^nl, tib two mirrors a» per- 
pendicular to die phine of the sector* and sve paraflel to eadi other 
when on the Temier coincides with on the ane. We therefore 
inquire: First 

h theindez mirror perpendicular to thepUme qf Ofs indntmexdf 

The following experiment deeides the question. 

Put the index onabout the middle of the arch, and look mto the 
index mirror, and you wiU see part of the arch reflected, and the 
same part direct ; and if the arch appears perfect, the mirror is in 
adjustment ; but if the areh appears broken, the mirror is not in 
adjustment, and must be p«t so by a screw behind it, adapted to 
IhiiB porpose. Saeond^ 

Are the nUrron paraUel when the index ieatO^ 

Place the index at 0, and clan^ it fast ; then lock at some well- 
defined, distant object, like an even portion of the distant horizon, 
and see part of it in the mirror of the horizon glass, and the other 
part through the transparent part of the glass ; and, if the whole 
has a natural appearance, the same as without the instrument, the 
mirrors are parallel ; but« if the object i^)pear8 broken and distorted, 
the ndrrors are not parallel, and must he made so, by means of the 
lever and screws attached to the horizon glase. Third, 

L the horizon glau perpendicular to the plane ^ fks imtruni£idf 

The Ibnner adjusteeats being made, phice the index atO, and 
clamp it ; look at some smooth line of the distant horizon, while 
holding the instmmeDt perpendicular ; a oonthmed unbroken Mne 
will be seen in both parts of the hom<Mi glass ; and if, on turmng 
ttie Bistrument from the perpendicular, the hor^ontal Ime con&ittes 
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wibrokmt the horison glass is in full adjustment ; but, if a break in 
the line is obsenred, the glass is not perpendicular to the plane of the 
instrument, and must be made so, by the screw adapted to that 
purpose. 

After an instrument has been examined according to these direc- 
tions, it may be considered as in an approximate adjustment — a re- 
ezaminatian will render it more perfect — and, finally, we may find 
its index error as follows : — measure the sun's diameter both on and 
off the arch — that is, both ways from 0, and if it measures the 
same, there is no index error; but if there is a diflference, half that 
difference will be the index error, addkive, if the greater measure is 
nff the arch, subtractive, if on the arch. 

To meaeure the altitude of the eun at sea. 

Turn down the proper screen or screens, to defend the eye. Put 
the index at 0, having it loose, look directly at the sun through the 
tube, and you will see its image in the silvered pai-t of the horizon 
glass. Now move the index, and the image will drop ; drop it to 
the horizon, and clamp the index. 

Let the instrument slightly vibrate each side of the perpendicular, 
on the line of sight as a center, and the image of the sun will appar- 
ently sweep along the horizon in a circle. While thus sweeping, 
move the tangent screw,* so that the lower limb of ihe sun will just 
touch the horizon, without going below it. The reading of the index 
will be the altitude corresponding to that instant, provided there be 
no index error. 

To measure the angtdar distance between two bodies as the sun arid 
mooUt or the moon and a star. 

The most brilliant of the two objects is always reflected to the 
other. Loosen the index, place it at 0, and direct the line of sight 
to the brighter object, and catch a view of its image in the silvered 
part of the horizon glass. 

Turn the plane of the instrument into the plane between the two 
objects ; now move the index, keeping the eye on the image, and 

* The fcreeni, adjnsting screws, clamp screw, and tangent screw, are not given 
in onr description of the instrument, it is not necessary to describe them; should 
we attempt it, there is danger that the spirit and elearae« of the desoription 
would be lost in the multitude of words. 
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brmg it tlong to the other objeet ; bring them as near as poaaibley 
th^d gently clamp the mdex. 

Hold up the instrument again, m the plane between the two ob* 
jeets, and view one object through the transparent part of the 
horixon glass ; and when the instrument is In the right position, the 
image of the other object will appear also in the same field of view, 
and then with the tangent screw, make the limb of the reflected 
object just touch the other, as it mores past it to and fro, by the 
gentle motion of the instmm^it. When the observer is satisfied 
that' he has got the measure as near as he can, he cries out, 
mark, and his assistants mark the time by the watch, and the alti- 
tudes of the objects are also marked for the same time, if required, 
and observers are present to take them. 

The fii^t experiments in the use of this instrument, other than 
measuring a simple altitude, are generally failures, but a little prac- 
tice will establish dexterity, skill, and confidence. 

We are now prepared to give examples for finding latitude. 

Let it be remembered, that latitude^is the observer's zenith dis- 
tance from the equator, and the nautical almanac gives the distance 
of aU the heavenly bodies from the equator, under the name of 
Declination. We can therefore observe our zenith distance from any 
celestial object, and then apply its declination, and we shall have 
ourienith distance from the equator, wkich is the latitude, 

BXAXFLKS. 

1. On a certain day, the meridian* altitude of the sun*s lower 
fimb was observed to be 31^ 44', bearing south. At that time its 
declination was 7^ t5' 8'' south, semi-diameter 16' 9", mdex error 
+2' 12", height of the eye 17 feet. What was the latitude ? 

Ans. 50° 38' north. 

- . ■ ■ — 

• To obtain the meridian altitude of the san, the obeery^ commences obeer- 
vations before noon, while the san is still rising ; driving the index forward as 
fast as the image appears to rise, and there will come a time, a few minutes in 
succession, in which the image appears to rest on the horizon, neither rises nor 
fiiUs, but at length the image will fall ; then the observer knows that noon ha« 
passed, and the greatest apparent altitude will be shown by reading the index. 
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Setni-iBametel' +i6' 9"' Hf.!. 

Index error -f- 2.12 

Befrttolios ^ 1.91 Table. 

JA^ ^ 4.04 Tikbk. 

Sum +12'46'' 



Alt.<>b. 
Correedoo 

Ah. O 'iB ^^fiter 

O^s lenitlidis. 
Dec. south 

Latitiftde WMrih 



:Sl<^44 
31 56 46 
68^ 3' 14" 
60<^48' e^ 



hk {hk ezatfpk, if tile iMoidUan AHifeade biKi been ob^erted in the 
Borth, in place of tibt south, whttl then would hare been the ob^ 
aenrerts latitude t Ant. $&^ W ftZ'' icmtb* 

We may note the Mowing 

Buu. — Subirad the carreeUJ aUUude /ram 90^. Tim if ike 
4b9erv&r and the o^ed are bath an Ae same side (fike equtdoff add the 
dedinaHon, htdif an difereni eide§, etAirad the dedttioHon, and the 
eum or difference wtti be the laHiude of the abeereer. 

Fmd the latitude from each of the following meiidiaii obsefVatAons: 



Oltfect ' 

" L.L. 

Jnpitef 

Saturn 

Sirius 

Sun U. L, 

QSvui L.L. 



Alt Ob. 



45027' 
8I043' 

730 ir 

82019' 
750 5' 

40O42' 
87029' 
15045' 



]MX66« 



Sonlh 

South 
Soath 
North 
North 
North 
Soath 
South 



TTT 



iriF 
15' 47" 



iff 17" 
16' 17'' 
16' 0" 



Hflii^ht. 



20 foot 

14 •« 

17 *« 

17 *• 

18 «« 
16 •* 
16 •• 
16 •• 



170i9'31"S. 
220 13' T'N, 
240 10' 13" 5r. 
120 y %"N. 
16° 31' S. 

33022' IS. 

220 ir & 

4043' s. 



Utitdde. 



970 2'ftrjv- 

300 18'lO"iV. 
t022'52'' S 

3lO30'26" S. 
7^ V 19" S. 
I90SO' 12" & 
690 23'ie"iV 



In this table L, L, Indkatea lower limb, If. L, upper limb, S. D, semi 
diameter, N, north, S, aonth^ Diree. direotion. In these enamplB8« the instnt • 
ment la aupposed to have no index error. 

Sight obeervations at sea are of litde Tallies far it is verj seldom 
that the horiscm can be defined, unless it is in bright moon-li^t| in 
the tropical climates. 

For this reascHi, very few nayigat<»r8 attempt to find the latitude^ 
by obsetratikins on the planets and fi^ed stars. 

Occasionally, however, when one of the bright planets, or a con- 
sjncuous fixed star, comes to the meridian in the morning or evenings 
twilight obsenrations ean be made on them^ and the latitude deduced. 

Some nayigators apply a summary correction to the sun^s lower 
limb, for semi-diameter, dip, and refraction, such as is comprised in 
the following table. 
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GMTee£t0fi te 6« added f the 


Oboerved AUUude of' tkn j 


If 


8Hn*8 Lower Limb, to find the True AUUude, ' 




Htilght i^f thu Kye »l50?e the Sea la FB«t. | 
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* 


10 




14 

t 


i« 


JL 

* 


1 


^14^14^ 


-M 80 


JH 


a4 


5 


3.8 


3,5 


3.1 


2.8 


3.5 


2.3 


2.1 


1.8 


i.e! 1 J 1.2 


1.0 n.H 


0.6 


0.5 


6 


5,3 


4.9 


4.6 


4.3 


4.0 


3.7 


3.5 


3.3 


3.0 


2,81 2.6 


2.4 2.2 


2.1 


JJ 


7 


6.4 


6.0 


5.7 


5.4 


5.1 


4.8 


4.6 


4.4 


4.1 


3.91 3.7 


3.5 3,3 


3.2 


3J) 


8 


7.2 


6.8 


65 


6.2 


5.9 


5.7 


5.4 


5.3 


5.0 


4.8| 4,6 


4.4 4.2 


4.0 


3J 


9 


7.9 


7,5 


7.2 


6.9 


6.6 


6.4 


6,1 


5.9 


5.7 


5.5j 6,3 


5.11 4.9 


4.7 


4^ 


10 


8.5 


8.1 


7.8 


7.5 


7.2 


6J 


6.7 


6.5 


6.2; 6.0' 5 8 


5.6: 5.4 


5.3 


5.1 


11 


6.9 


8.6 


8.2 


7.9 


7,6 


7.4 


7.2 


6.9 


6.7 


6..S| 6.3 


6.1 


5.9 


57 


5.6 


12 


9,3 


9.0 


87 


8.3 


ao 


7.8 


7.6 


7.3 


7.1 


6.9 6.7 


6.5 


6.3 


6.2 


6.0 


14 


d.9 


9,6 


9.2 


8.9 


B.7 


8.4 


8.2 


7.9 


7.7 


7.5! 7.3 


7.1 


6.9 


6.8 


6.6 


U 


10.4 


10.1 


9.7 


9,4 


9.1 


8.9 


8.7 


a4 


8.2 


8.0i 7.ti 


7.0 


7.4 


7.2 


7.1 


18 


io.e 


10.4 


10,1 


9.8 


9.5 


9.3 


9.0 


e.e 


8.6 


8.4 


8.2 


8.0 


7.6 


7.6 


7.5 


20 


ILl 


lOJ 


10.4 


10. 1 


9.6 


9.6 


9.3 


9.1 


8.9 


a7 


as 


8.2 


8.1 


7.9 


T.T 


S2 


il.4 


u.o 


10.7 


10.4 


10.1 


98 


9.6 


9.4 


9.1 


as 


SJ 


8.5 


8.3 


a2 


8.0 


S6 


11.7 


1L4 


no 


10-7 


10.5 


10.2 


10.0 


9.7 


9.5 


9.3 


9.1 


8.9 


8.7 


a6 


8,4 


30 


12,0 


11.7 


1L3 


U.O 


10.8 


10.5 


10.3 


10.0 


9.8 


9.6 


9-4 


9,2 


9.0 


6.9 


a? 


35 


123 


1K9 


11.6 


n.3 


11.0 


10.7 


10.6 


10.3 


10.1 


g.9 


9.7 


9.4 


9.2 


9.5. 


9.0 


'40 


12.5 


12.2 


n.e; 


J 1.5 


lh3 


11.0 


lO.S 


10,5 


10.3 


10.1 


9.9 


9.7 


9.5 


9.4 9.9 


45 


12.7 


12.4 


12.0 


n.7 


11,5 


IhS 


ll.O 


10.7 


10.5 


10.210.1 


9.8 


9.7 


9.6 9.4 


50 


12.8 


12.5 


12.2 


11.9 


ll.B 


11.3 


11.1 


10,9 


10.6 10.4' 10.3 


10 


9.8 


9.7 


9.5 


55 


13.Q 


12.6 


12.3 


12.0 


1J.7 


11.5 


1K2 


11.0 


10.7 


10.5,10.3 


10.1 


9.9 


9.a 


9.6 


60 


13.1 


12.7 


124 


12.1 


11.8 


11.6 


11.3 


IM 


10.9 


10.610.4 


10.2 


lO.l 


9.9 


9J 


65 


13.2 


las 


12.5 


12.2 


11.9 


11.7 


11.4 


1L2 


11.0 


10,710 5 


10 3 


10.1 


10.01 9,8 


70 


13.3 


12-0 


12.6 


12.3 


120 


n.8 


115 


11.3 


11.0 


lO.SKKi 


10.4 10.2 


lai' 9.9 


75 


13.4 


13.1 12,7 


12.4 


12.1 


11.9 


11.7 


11.4 


11.2 


11.0,l0.s 


HI 6 10.4 


10.2 10.1 


8U 


13.6 


13,2 12.9 


12.6 


12-3 


12.0 


1L8 


11.6 


U.3ll.lll0.9 


10,7110,5 


10,4 102 


McmtWy 


Jw J 


*^bL ~ 


aw. 


April, 


M*y, 1 


J UDS, 


Cbrrecticm 
fin- Sua'a 




+0'3 1 


-hO\2 


H-OM 


O'O 


-OM 1 


— 0'.3 




Juirr 1 


Aug. 


a*pt. 


OtL 


]Sov. \ 


Dm. 


BiDiIrdiAm. 


^^'.3 1 


-0'.2 


^^M 


+0'.l 


Jt^ 


a 1 


_+ 


0.3 



The most practical method of obtaining the latitude by observa- 
tion, other than the meridian altitude of the sun, is by the meridian 
altitude of the moon; but to correct the observed altitude for 
semi-diameter, parallax, refraction, and dip, and do it to the utmost 
accuracy, requires more computation and attention than the mere 
practical navigator is disposed to give. Moreover, such like accuracy 
is not required in practical navigation. To know the latitude within a 
mile is all the ship master requires ; and this can be done in a very 
summary manner, by observing the moon's meridian alititude and 
using, the following tables, according as the lower* or upper limb 
of the moon is observed. 



* The bright limb, is tlie one obeenred, whether it be the apper or lower. 
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I^TPiTifln 


HMtoteaMi4lDfhtOMiftTi»AueMMortbtllimi't]oii»r]]nli^ j 


Vmi lit nflUMniL mkauai. j 


Alt. 


cy 


W 


'W 


W 


«' 


W 


w 


60^ 


«> 


e / 


o / 


o / 


o / 


o / 


o / 


O f 


• 9 


-b T 


T 


0^ 


1.0 


1. 1 


1. 3 


1.4 


1. 5 


1. 6 


1. 8 


1. % 


8 


1.0 


1. 9 


1.3 


1.4 


1. 6 


1. 7 


1.8 


1. 9 


1.11 


10 


1. 1 


1.3 


1.4 


1. 5 


1. 7 


1. 8 


1. 9 


1.10 


1.19 


15 


1.9 


1.3 


1.5 


1. 6 


1.7 


1. 9 


1.10 


lai 


1.19 


20 


1. 9 


1. 3 


1. 4 


1.5 


1. 6 


1. 8 


1. 9 


1.10 


i.ii 


95 


1.0 


1.9 


1.3 


1.4 


1. 5 


1.6 


1. 7 


1.9 


1.10 


30 


0.59 


1. 


1. 1 


1.9 


1. 3 


1. 4 


1. 5 


1. 7 


1. 8 


35 


0.57 


0.59 


0.50 


1. 


1. 1 


1. 9 


1. 3 


1. 4 


1.6 
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0.65 


0.55 


0.56 


0.57 
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0.59 
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li 1 


1.9 
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0.51 


0.59 


0.53 
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0.55 


0.56 
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0.59 


50 


0.48 


0.49 


0^50 


0.51 


0.51 
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0.44 


0.45 
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0.47 
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0.49 


0.49 
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CO 


0.40 
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0.49 


0.43 


0.44 
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0.45 


0.46 


a47 


C5 
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0.37 


0.38 


0.39 


0.39 


0.40 


0.^ 


0.41 


a49 


TO 


0.33 


0.33 


aai 


0.34 


0.35 


0.36 


0^ 


0.37 


a37 


75 


0^ 


0.98 


0.99 


0.29 


0.30 


0.30 
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0.31 


0.32 


80 
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15 
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0.33 


0.35 


0.35 


0.36 


0.37 


0.37 
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0.39 


90 
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0.35 


0.35 


0.36 


0.37 


0.37 


0.38 
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0.30 


0.39 


0.39 


0.33 


0.33 


0.34 
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30 


0.99 


0.30 


0.31 
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0.39 
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36 


0.96 


0.96 
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0.97 


0.28 
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0.29 


0.29 
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40 


0.94 


0.25 


0.96 


0.26 
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0.29 
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0.19 


0.92 


0.99 


0.99 
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0.24 
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0.96 
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0.90 
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0.21 
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0.17 
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0. 8 
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1. in longitude about 45^' west, on the 5tii of January, \t&i, at 
about 1 lb. in the evening, I observed the altitude of the moon^ 
lower limb as she passed the meridian, and found it to be 68^ \t 
from the south, height of the eje 16 ftet. Whaifc was mf^M^dS^I 



CKLESTIAL OBSSETATIONS. til 

aflsr midniglit at Greenwieh. 
Ami i^ MMIiil A]lMMM» M fi«ii th%^ 

AiMNiiitrti»M[» » «^ 56r r 

mmS lildtlmMna »t Hiiall^l »f tftMMi. (N. Aliii«Me)» UOATSTN. 

k«iiibe6tii, .... adoitrsrir 



VliMilMNl»l^l<NMtetefttoii%wasBOt«^ « 4'5(r 

Henee the dec. at the time of obaervation wBa» • « 29053" 4d^ JT. 

W« in^r table 1» aad undiBr the pumUax^ and of^poaito li^ the 
lAilode «w near iatw$ etm JM ikem, we perc^To tiuit 57' nttst be 
Itbout 4he correetion for the altkud^ 

Whence* Ob&eryed alt. L. L 68^ 12' 
Correction, -f ^*^ 

Dip. fjways isiib* 



68 


49 


— 


4 


68 
90 


45 


21 


16 


SS 


63 



Zeakhdia. 1 

Lat. m 44^ ^ I^^M^ 

find the true altitude of the moon's center, in each of the foQow- 
ing examples. L, L, means lower Mmfo ; U, L. upper limb. 

Height of Am. 

OlMtrradAlt H.P. the eye. TroeAlt 

1. ^ L. L. 63<^ 8S' 68' 14" U feet 64<^ 10' nearly. 

2. 3 Z. Z. ^ 48° 58 60' 27" 19 " 49° 48' 

3. ^ U.L, 57<>11' 54' 30'^ 20 " 5r^ 19' 
4 JL.L. «3«>3«' 66' 29" 12 " 64<^14' 
6. 3 ^X. 20® 3' 64' 14" le " 20^32' 
%. yJLJL l«^ 2' 59' 36" ^3 " H'^ 12' 

When the weather makeis ft dsimbtfcl irb^lbier »eiri(&ti okHKanm^ 
6ons can be obtained, naYigator^s Msorl lo douMe aldtnftdie^ «r to tiit 
alfitudes of two objects tiB*enMtti»«aittetito^ W%*fcftlloalysliwf 



SIS 



NAVIGATION. 




the prinmple on whieh this method is founded ; it is the appHcalioii 
of spherical trigoiUHnetrj. 

Let Pk be the earth's axis, Qq 
the equator. Bappose the sun to be 
the object, and let its position be S 
and T at two different times. 

The elapsed time measures the 
angle 8PT. In the triangle PTS, 
we hare the two sides PT, PS, and 
the included angle, from which we 
compute the side TS, and the angle 
T8P. 

Subtracting the altitudes Sm and Tn from 90^, we have ZS, and 
ZT, then we hare all the sides of the triangle ZTS, from which we 
compute the angle TSZ, Subtracting this angle from TSP, gives 
us the angle ZSP. Now, in the triangle ZSP, we have the two 
sides ZSf SP, and their mcluded angle, from which we compute PZ 
the complement of the latitude. 

If the ship sails* during the interval between the observations, a 
correction will be required for the first altitude, and such corrections 
are found by the traverse table ; a nautical mile in the direction of 
the sun; corresponds to one minute of a degree, to be applied to the 
altitude. When the proper correction is made, the residt is equiva- 
lent to having both altitudes taken at the last station, and the deduced 
latitude is the latitude of that station. 



CHAPTER II. 

LONGITUDE. 

Longitude, from celestial observations, is measured by tiqie. A 
place 15^ west of another, will have noon one hour of absolute 
time later ; if 30^ west, the local time, noon will be two hours later, 
Ac, d^c; 15^ corresponding to an hour in time. Therefore, if we 
have any way of determining the times at two places, correspond- 
ing to the same absolute instant, the difference of such times will 
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Mrteapond to the differeitee of loogitade between the two places at 
tiie rate of 16P to an hour, or 4 minuted to a degree. 

A perfifd time piece will keep the time at any particular meridiant 
and by carrying that perfect time piece with us, by it we can see the 
Umi ftt Aatpartkrakr oMti^aa ; and then if we can find the time at 
tte plMI wh«ra w« are, tka comparison of these two times will give the 
dttfafttiee of kttfl^tttdbi tkat it* ibe difference between our longitude 
md tlyUol tlMi^pirtlmtliar mertdlim, to which the time piece refers. 

For faitlili0% a ftndanaa kares Boston ; his watch is a perfect 
ikui pb«a, and It k i«t lo Boaton time, he travels west on the rail- 
nm&i^ Ida vatek aU tba whik abowa Boston time ; when it is twelve 
o*4Bloekli]rUiW»takllkteallysoiaBoston, but not so at the place 
trihtfa h« k TIm mm haa anrlir«d at the meridian of Boston^ 
tall not ]r«^ at tlM meridkii c^ Albany, or Buffalo, or Detroit; and 
wkM the gentkmAn arrives al any of these places, or any interme- 
diate place, the local time, compared with the time in Boston, will 
give the longitude of that locality from Boston, counting (me degree 
for every four minutes in the difference of time. 

Unfortonately, however, there is no such thing as a perfed time 
piece, but some do approximate toward perfection. Such ones, made 
with the greatest care and solely for accuracy in tale of motion, are 
called d^nmometere ; ih€j are supposed to hteip thne within certain 
known limits, and in the place of perfect time keepers, they are used 
at sea for finding longitude. 

Chronometers show the time at the distant plaee^ it thm remains 
to find the time at ship, and this is done most accurately by spheri- 
cal trigonometry, as will soon appear. 

The sun's altitude is greatest just at apparent noon, but by obsei^ 
vationa we cannot define just the momfint when that takes plaoe ; 
hence meridian observations, valuable as they are for ktitiides, aMi 
worth nothmg for time» when time is to be settled to anything like 
accuracy. 

The best position of the sun (or any other celestial object) 
for an observation to find local timA, is when it is neaily east w west, 
and its altitude more than Ua degrees. 

In such drcumstanoes^ an observer can find the local time 
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within 6 or 6 seconds, by taking an altitude of the sun, provided he 
at the same time knows his latitude and the sun's polar distance. 

The operation is a beautiful application of spherical trignometry, 
and it is illustrated by the following figure. 

Let Z be the zenith of the 
observer, P the pole, S the 
position of the sun, and PS 
the sun's polar distance.* 

When S comes on to the 
meridian, it is then apparent 
noon ; and the angle ZPS of 
the triangle ZPS measures 
the interval from apparent 
noon, at the rate of four min- 
utes to one degree. 

The side PS is the polar 
distance, the side ZS is the co-altitude, and the side PZ is the co- 
latitude. 

Now, in every treatise on spherical trigonometry, it is demon- 
strated as a fundamental principle, that 

The cosine qf amf amgU, of a epkerical triangle, is equal to the co- 
tine cfiie cffpoeiie side, diminished by ike rectcmgle of the cosines of the 
adjaoent sides, divided hf the reckmgle of the sines of the adjacent 
sides. 

^ . ,. cos. Z5— cos. PZ COS. PS 
That IS, COS. P= _-^-_^^ - 

Now, in place of cos. ZS, we take its equal, sin. ST, or the sine 
of the altitude, and in place of cos. PZ, we take its equal, the sine 
of the latitude. 

In short, let A^ the altitude, Z= the latitude, and i)=s the 
polar distance. 

sin. A — sin. L cos. 2) 
Then COS. P= — cos. i sin. 2) 



• When the obeenrer it in the norikem hemisphere, the polar distance is 
counted from tlie north polof when in the southern hemispliera» from the south 
pole. 
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From a general equation, in plane trigonometry, we hare 

2 sin.* iP=l— COS. P 
Substituting the value of cos. P, m this last equation, we hare 

' COS. X sin. x> 

(cos. L sin. i> +sin. Z cos J) y-^va, A 
"" COS. Z sin. D 

By comparing the quantity in parentheses with eq. (7), plune 
trigonometry, we perceive that 

, ^ sin. (Z+2>)— sin. A 

« Sin.» i P= ^ jrA yr— 

' ^ COS. Z sm. x> 

Considering (Z-\-J)) to be a single arc, and then applying 
equation (16), plane trigonometry, and dividing by 2, we shall 
have 



8in«. i P= 



COS. (^—2 ^sm.(^ J— ^ 



cos. Z sin 2). 



But ^+-^^^ ^ X+^4^ _^ ^^ „^^ if ^^ ^^ 
2 "~ 2 *^ 

<y=s 5 we shall have 

^ cos. S sin. (S — A) 

sin«. 4 P= y > y, 

* COS. Z sm. 2/ 

Or, sin. i P= W co«-^8in (^-^) 

V COS. Z sm. x> 
This is the final result when radius is unity, when it is M times 
greater, thip the sin. ^ P will be B times greater, and if B repre- 
sents the radius of our tables, to correspond with these tables we 
must multiply the second member by B, and if we put it under the 
radical sign, we must multiply by B* ; in short we shall have. 

The right hand member of this equation, shows four distinct 

B 

logarithms ; thus, ^ is the cosine of the latitude subtracted from 

COS. Z 

10, which we shall call ctmne complement. 
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This eqnatfaw fimidiM tl^ following rale for fading tppwenft 
local time, when the ran's altitude* ita polar distance, and the lati- 
tude of the ohsenrer, are given. 

The altUude must be observed, the latitude must be known, and the 
Nautical Almlmac will fsnish the polar diatanee^ 

BnuB. — 1. Add together the altitude, latitude, and polar distance; take 
the half eum, amf /torn He smd half stim subtrud the altitude, thus 
fiMng the remainder, 

ft. The IcfforiOme. .Find ihe eoeine eomphmeni of the latitude, the 
sine complement of the poiar distance, the eosine of the half evm, etnd 
the sine of the remainder. 

3. Add these four logarithms togMer^ and divide by 2, the logarithm 
thus found, is the sine of haif the polar angle, or hsUf the 9un*s 
meridian distance. 

4. Take out the are corresponding to this sine, and divide its double 
bg 15 (as in compound division in arithmetic), and the quotient will 
be the hours, mkmttee, and eec^mdsfrom apparent noon ; and if the sun 
is east of ihe meridian, the hours, minutes, and seconds, must be sub- 
tracted from 12 hours, for the corresponding time <f day. 

The time shown by a chronometer or a perfect clock, or rather 
graduation of clocks, is to mean and not to apparent time, and to 
conrert apparent into mean time, the equation* of time is given in 
the Nautical Almanac for the noon of every day at Ghreenwich. The 
amount of it, reduced or modified to correspond to the time of obser- 
vation, can be applied to apparent time, and the mean tone of takmg 
the observation will be determined. The difference between this 
time and the mean time at (Greenwich, as determined by the chro- 
nometer, will be the longitude. The longitude will be ton^ if the 
time at Greenwich is latest in the day, otherwise it will be east 

If the observer is on land, without • sea horisoa, and uses a 
leflecting mstrument, he muflt have aa aiiificiai horison. A proper 
artificial hoiizon, is a small dish of mercuiy, with a glass roof to put 
over it, to keep the mercury from being agitated by the wind. In 
place of the mercury, a plate of molasses will answer. In still calm 
weather any dear pool oi water is a good artificial horiion. 

In either of these, the reflected image of the object appears a$ 
much below the horizon as it is above it, and to measure the altitude, 

*For th» theory of equation of lime, tee works on astroaomy. 
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ihe image refleefted by the minor of the initrameiit miut be earned 
to the image m the airtificial horisoii ; half of the angle shown by 
the index will be the apparent altitude. In using an artificial hori- 
son there is no dip, other corrections are to be applied aecordingto 
circumstances. ' 

BZAXPLXS UVDXB TBI IPBXOXDINO BULX. 

1. Being at sea, May 20th, 1823, in hiitnde 4S9 20' K, and in 
longitude about 20^ west, I observed the altitude of the sun's 
lower limb, and found it to be 32® 4' rising, when an assistant 
marked the time per watch, at 7h. 43m. A. M. ; height of the eye 
16 feet. What was the true mean time ? 

Just before the observation, the watch was compared with the 
chronometer in the cabin*, and £rand to be 1 hour, 21 minutes, and 
12 seconds slow of chrmometer. 

On the 8th of May, the chronometer was 3m. 7s. fast of Greenwich 
time, and gaining ls.6 daily. What was the longitude ? 
Q8.D., . . . + 15' 49" 
Dip., - - - - — 3 66 
Ref., - - - - — 1 30 



Comction, • - • + 10 33 
Obeenration, - - 33 4 



Watch, • • • • 7 43 
Diff., 18119 

Face of ohran. al ob., - 9 4 13 

Error 3m. 7«., inereaie of error 

^ .. ^«« in 12 dart 19#., whole error, — 3 36 

Alt ©center, - - 33° 14' 33" ^ 

jGreenwich time, - • 9 46 

At noon on the 30th of llay, 1833, the aan*a declination, by the N. ii., was 

190 53' 18" north, increaring at the rate of 30".6 per honr, and the time of 

taking the obeerYation was 3 hours before noon at Greenwich ; therefore, the 

declination must haye been 19o 50' 47" if. 

.139435 



Altitude, 


330 14' 23" 




Lat, 


43 30 


cos. com. 


P.D., 


70 9 13 


8in.com. 



3)145 53 36 



8. 73 56 48 cosine 9.467353 

33 14 33 



(8^A) 40 43 35 sine 9.814363 

3)19.447657 
310 58' 8" sin. 9.733838 

• Chronometers should never be, and by caiefol penons, nereran, taken out 
of their plaoes daring a voyage. 
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7 


44 


15 J 


— 


3 


51 


7 


40 


34 


7 


43 






9m. 36*. 


M. e».46«. 


7 


40 


24 



C30 5e'irs5 4A. 15m.45f. 

• • la 

Appmnt time* - - - 7 44 15 A. M. 
EqiuUioft of tioM N. A. 

Mean tioM at ihip. 
Watch, - - - - 

Watch too fitft, ... 
Tbne at Groenwieh por ohioii.» 
Thne at ihip per obaonratioii, 

Diff., 1 90 99=^0^^: west Ion. 

ft. AngQst 10th, 1824, in latitude 54'' 1^ iKH'th, at 5b 33in per 
watch, heiglit of the eje 18 feet, I observed the akitude of the 
sun's upper limb 16^ 50' fiJling. Mj chronometer was 2h 20m 
37s £Bist of the watch ; and on the 7th, the same month, the chro- 
nometer was 40m 29.4s fast of Greenwich time, gaining 7/^ secoinds 
daily. What was the error of th^ watch, and the longitude per 
ohronometer ? 

Tfano per watch - 5h.33m.(k. P.M. 
DUi: per ehron. - - 9 90 "37 
Face of chronometer - 7 53 37 P.M. 
Chron. ft»t (whole error) ^40 52 
Greenwich, mean time, 7 12 45 P. M. 
On the 10 of Auguft, 1824^ the aun'a declination at noon, Greenwich time, 

was 150 39^ 14" north, decreasing at the rate of 45" per hoar, as fpven in the 

Kantical Almanac. The decrease for 7{ honrs must be 5' 24"; whence, the 

declination at the thne of obserration, 150 26' 50" i^., and the polar distance 

740 33' 10". 

Obaeryed altitude - Ifio 50' 00" 

Semi-diameter, N. A. • — ll5 48 

DipandRef. - - --7 20 



Equation of time, per N. A., Aug. 
10, lS24,was - - +5111. 2s. 
Hourly decrease ^s. — ^2 

True alt center • - 160 5)16' 52" Equation at ob. - - 5m. Os. 
We now leaYO the problem to be worked throtfgh by the pupil, giving only 
the answer. 

Ans. Watch slow of local mean time, 3m 27s. 
Longitude by chronometer, 24® 4' 30" west 
3. When it was 6h Om 21s^ P. li, mean time, at Greenwich, bj 
my chronometer, I observed the altitude of the sun's lower limb to 
be 30'' 17', in the afternoon of January 12th, 18M. At noon our 
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latitude, by a meridian obserratioii, was itl^ 47' north, and' annoe 
that time we haye made 1 1 miles of sonthing, by the log. The 
dip was 4', and semi-diameter 16' 17''. What was the longitude hf 
chronometer ? 

San'* Declination Jan. 12, '53, at noon, G. T. • ftV> 44' KT aonlh. 
Honriy deeroaw, per N. A., 35", giving - -^30" 

Declination at the time of obaervation • • 31^ 41" 40" aoath 
Equation of time at noon, Greenwich • - -f*^"** ^^ 
Hourly increase ^ of a second, makinf • - 6e. nearly 

Equation at time of oboenration (to add) • ' • { B m . 31«. 
-Were we sure that pnpilawonid haye accoMtb nantical almanapii, wo wovld 
giye neither declination nor equation of time. 

Ans. Lon. 46^ 9' west 

4. On the 16.th of January, 185iS, wlien my chronometer showed 
llh 27m 41s, A. M., for the mean time at Qreenwich, I obsenred the 
altitude of the sim's lower limb and found it 32^ 21' rising, height 
of the eye 16 feet, latitude O"* 41' south. What was the longitude 
by chronometer ? 

By the N. A., the 'ran'a declination at that thne was 21<^ 3' 36'^ loath, and 
the equation of time 9ni. 53f . additiye. 

Ans. Lon. 44"^ 39' west. 

N. B. — Time at any place, is but the difference between the 
right asceninon of the meridian and the right ascension of the sun ; 
and to fin^ the time from these two elements^ we aIway/9 subtract 
the right ascension of the sun from the ri^ht ascension of the meii* 
^axL, increasing the latter by 24 hours, to render subtraction possi- 
ble, when necessary. 

The right ascensions of the stars are giyen, and the right ascen- 
sion of the sun is ^yen, in the Nautical Almanac, for the noon of 
eyery day in the year, Qreenwich time. Now, if we can find the 
meridian distance of any known star, by obseryation, we can estab- 
lish the right ascension of the meridian, and, consequently, the local 
time. Hence, we can find longitude by comparing the chronometer 
with the altitudes of the stars, as the following example will illus- 
trate. . ■ . ,. 

B, If on the 8th of March, 1862. when my chronometer shewed ij|« 
Cbeenlrieh time to be 7b 22m Ss, P. M., I found by observation. 
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that the true altitade of Sfanns was 57^ 62' wert of tlie meridian. 
My latitude was 32^ 28' south. What was the time at ship, and 
what .was my longitude ; the elements for computation being as 
foUowsr 

1. Bight asoensiim of the star - - 6A. 38m. 38ir. 

2. Decimation of the star le"" 31' south 

3. Bight ascension of the sun - - iSh. 17m. 259. 
By means of the triangle we find. 

The meridian distance of the star - 3&. 40m. 58s. 
To which add -K-'s B. A., because ^ is west 6 38 38 

Bight ascension of the meridian 

Add 

Subtract the R A. of the sun 
Diff. is apparent time at ship 
Equation oi time, add - • • 

Mean time at ship . • • • 
G^me at Oreenwich ... 
liOngitude in time • • • 

=57^ 44' east 
N. B.— - When the chronometer remains in the same place for a 
week or more, its rate can be determined by comparing if with the 
obsenred altitudes of the sun, taken from day to day. In different 
climates the same chronometer will have different rates, and on re- 
turning to its original station it will frequenUy resume its original 
rate. 
For asunuths, and variations of the compass, see page 106. 
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CHAPTER III. 

LUNAR OBSERVATIONS. 

A GOOD and well-tried chronometer is a valuable and reliable 
instrument for finding the longitude at sea, during short runs ; but 
stiD it is but an instrument^ and is not one of the reliable works of 
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nature. Near the end of a long voyage, the best of chrondmeters 
Tery frequently give ^Ise long^nde, and in such cases, good nari- 
gators always resort to lunar observations, which from the hands' of 
a good observer, can be relied upon to within 10 or 1^ minutes of a 
degree, and they nsually come within 5 or 6 miles, and sometimes 
even inore ezac^' but that is accidental and unfrequent. 

.To comprehend the theory of lunars, we must call to mind the fact 
that the moon moves through the heavens, apparently among the 
swrei, at the rate of more than IS^ in a day, and any angular dis- 
tance it may have from tiie sun or any star corresponds to some 
moment of <Gh^eenwich time. 

. About three days before and after the change of the moon, she is 
too near the sun to be viable, but at all other times, her distance 
from the sun, some of the larger planets, and certain bnght fixed 
stars, called lunar staris,* which lie near her path, are computed and 
put down in the nautical almanac, for every third hour of mean 
Greenwich time commencing at noon. For any particular day, the 
distances are ^ven to such objects only, east and west of her, as 
win be convenient to measure with the common instruments. 

The distances put down in the nautical almanac, are such as would 
be seen if viewed from the center of the earth ; but observers are 
always on the surface of the earth, and the distances thence observed, 
must always be reduced to equivalent distances seen from the center^ 
and this reduction is called wqrhing a lunar, which is generally the 
highest scientific ambition of the young navigator, f 

The true distance betwe^ the sun and moon, or between a star 
and the moon, can be deduced from the apparent distance by the 
application of spherical trigonometry. 

The moon is never seen by an observer in its (rue place, unless the 
observer is in a line between the center of the earth and the moon, 
that is, unless the mdon is in the zenith of the observer ; in all other 

* There are nine lunar stars, Arietis, Aldebaran, Pollaz» Regulus, Spiea, 
ABt«e^Aq«U».Fo««ah.«t,.,.dPeg«L 

f Many narigators, both old and young, direct all their efforts to knowing how ,, 
to do, without attempting to comprehend the reasons for so doing ; and this the 
wMldl calls , jpftfctico/,,,— «, complete penrejnion of the term. On tiia other 
haad, somiib men of the sehoolr spend their energies, in metfq^hysipal iip|hiii|^ 
■putting hiuis in logic, and calling it scientific ; this is equally a perversioiif 
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podtions, the moon is depressed by paraUaz, and appears nearer to 
those stars thai are below her, and fiirtiher from those stars that are 
abore her, than would appear from the center of the earth. There- 
fixre, the apparent altitodes of the two objects, must be taken at the 
same time lliat their distance asunder is measured. The altitudes 
must be ccHrected for parallaz and refraction, thus obtaining the 
true altitudes. 

The annexed figure is a general representation 
of the triangles pertaining to a lunar obsenration. 

Let Z be the lenith of an observer, ST the 
apparent place of the sun or star, and S its true 
place. Also, let m' be the apparent place of the 
moon, and m its true place as seen from the cen- 
ter of the earth. 

Here are two distinct triangles, ZS'm', and ZSm. The apparent 
altitudes subtracted fi^m 90^, gire Z^ and Zm', and Sm' is the 
appasrefid distance ; with these three sides, the angle Z can be found. 
Correcting the altitudes, and subtracting them from 90^, will give 
the sides Z8 and Zok ; these two sides, and their included angle at 
Z, will gire the side Sm^ which is the tnu distance. 

The definite true distance must have a definite Greenwich time, 
which can be readily found ; and this, compared with the local time 
deduced from an altitude of the sun, wiU of course give the longitude. 

We shaU now make a formula to clear the distance. 

Let iS^'sthe apparent altitude of the sun or star, 
and 5=:the true altitude. Also, 
Let m'=sthe apparent altitude of the moon, 
and m sthe true altitude. 

Observe that the letters with the accent, indicate apparent, and 
without the accent, the true altitudes. 

Put d to represent the apparent distance, and x to represent the 
true distance. 

Bear in mind, that the sme of an altitude is the same as the cosine 
of its zenith distance, and conversely, the sine of a zenith distance 
is the same thing as the cosine of the corresponding altitude. 

Now, by the fundamental equation of spherical trigonometry noted 
i& the last chapter, we have 
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600. 0^ cot. m 600. a eoo. m 

Whonco ^^•' ^^-^ P* ^y "to* ^'^^^^ jH^n. g tiii> «t 
000. flf coo. m' coo.S60o.iii 

By adding unity to oooh momberwo hoTo 
1 jJ ^^'*' <^— 'rin. y gin, m' ^,^ , j_ eoo. #— oin. 8 rin. m 
eoo. fif'coo.m' coo. i9 coo. m 

(coo, y 600. m'— oin. S oin. wi')+eoo. rf _ (coo, flf coo. o»— dn. g oln.«t) ( ooi, jfc 
coo. St coo. m' " 600. S coo. m 

By obiorTinf equation 9, plane trigon«nietry> we peroelre that the pnoodlnf 
oqnation lednoee to 

coo. (flr-l-m'H-coo. d _coe. (i^f-ot>+- coo, s 
eoo. fir COS. m' coo. 8 coo. m 

Whenoocoo.*=(coo.(flr+iii')+c«^ d) ^^5^°***— coo. (SH-ia). 

coo. o 000. m' 

It is here important to notice that the mo(m'8 horisontal parallax 
giren in the Nautical Ahnanac, is the equatorial horiiontal parallax; 
that isy it corresponds to the greatest radius of the earth. The 
diameter of the earth through any other latitude is less, and of 
course the corresponding parallax is less. 

We therefore give the following tahle for the reduction of the 
equatorial horizontal parallax^ to the horizontal parallax of any 
other latitude ; it is computed on the supposition that the equatorial 
diameter is to its polar as 2d0 to 229. For example if the horizon- 
tal parallax in the Nautical Almanac is 55' — , in the latitude of 40^ 
the reduction would be 6", and the parallax reduced would be 
54' 54", and if the parallax from the Nautical Almanac were 60' 
the reduction would be6^^6,and reduced would be 59^ 53" A. 

The semi-diameter of the moon given in the Nautical Almanac is 
her horizontal semi-diameter» but when she is m the zenith she is 
nearer to us by the whole radius of the earth, about one-sixtieth 
part of her whole distance, consequently she must appear under a 
larger and larger angle as she rises from the horiison, and this is 
called the augmentation of the semi-diameter. 

We give the reduction for the parallax ; and the augmentation for 
the semi-diameter in the following tables : 
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We now give an example showing all the details of finding the 
kx^tade by « hmar obeenraticm. 

SXAMPLB. 

Sa{ypo6e that on the 26th of January, 1862^ between three and four 
o'clock in the afternoon, local tinie, the observed distance between 
the nearest limbs of the sun and moon was 50^ 3' 20", the altitude 
of the sun's lower limb was 20^ 1', and of the moon's lower limb 
48^ 67', height of the eye 16 f^t The latitude corrected for the 
nm from noon was 34^ li' Ni, and the supposed longitude about 
66P west What was the Icmgitude ? (the Nautical Almanac being * 
at hand.) 

Prtparaiianl 

B,'tL '. 

8tiipdB6dtiiiieat8hiii» 3 15 P. Iff. 

Supposed longitade 65 4 20 

Supposed tim^ at Greenwich, .7 25P.4f* 
On tiie ^that noon the N. A. giyes the §)'> S. D. at 14' 47'^, and ;it midnight 
atl4^ 45'' 7 ; therefore ai the time of observation we take it at 14' 46^', by simple ^ 
inspeetloli. In the oun^ snuiinuy manner we take the Equfttorial horizontal 
pmllascatsrid^. 

. 54Pir 
. • 4 



®'s semi-diameter, 
Aug for Alt - 

®'stnie&i>. • 
Observed distance, 
Snn's S. D. 
Moon's 8. D. - 
AppsKMit oeiitnd disi. 



• 


. 14' 46"j 




. . 12 


• 


. 14' 58" 


• 


50O 3' 20" 


• 


16 16 




. 14 58 



50O34'34"; 



^'s Eq. hor. par. 
Red. for lat - 

Reduced hor. par. 

i)*s6f.I>. 
Dip 



480 5r 

14' 58" 
— 3 56 



54' r 



«)'sapp.alt 490 8' rasM.' 
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Ah. 0*9 lower L 

Semi-dUuneter, 

Dip, 

0*> &PP* >it 

R«lnctiony 
0*s trne alt 



90O r 

+16' ir 
^^^^ 

900 10' 38" s. 
®'s app. alt 
PtoOlazliiftlt 
Refnetion» 

True alt 
=69<> 2r 14" 



N. B. To find tlie moon's puiUu In 
altltttde feo proUoim on page 901. 



«'s app. Alt 490 8* 
54' 8"ss3948' 

36' 9"ss:3l90 

490 8* 9* 
35' 90 



00a. 9.815778 

lof. 3^511616 

3.3963<M 



490 49'35''ss« 
(ff+m')=:e9^ 2r 14" (S+m)^ed^ 65' 65". 
We are now prepared to apply the equation to compute the true 
distance. The equation requires (he use of natural sines and 



60S. «=(cos. (flr+«')+cos. d) ??L^22L!!!,-eoi. (S+m) 
^ cos. S' eoB.m' ^ ' 

(i8r+m')=:69o tV 14" N. cos. .36269 
d^ffP 34' 34" N. COS.* .63449 

.98708 log. —1.994360 
&^W^ 10' 38" log. COS. 9.972496 
m=49o 43' 16" log. cos. 9.810678 
iy=20<>13' 12"cos.conL 0.017626 
m's49'^ 8' 2" COS. com. 0.184228 
Num. .97661 log. —1.989278 

sssum less 20.f 
N. COS. (iS+m)=69o 63' 63" —.34369 

True distance, 6a> 48' 29" cos.63192 

In the Nautical Almanac, we find (hat at 6 P. M. mean Green- 
wich tune, on said day, the true distance between the sun and moon 
was 49^' 69' 26", and at 9 P. M., the distance was 61'' 20' 49", show- 
ing a chaoge of 1^ 21' 23" in three hours of time. But the change 

• When d te greater than 90^ its cosine becomea imiiMi and Its nnmerical 
Talne is then the natural line of the ezce« over 90°. Thna if il were 105O, |ta 
coeine would be numerically equal to the aine of 15^, and muat then be inbtracted 
from the eoaine of the sum of apparent altitudee. The rerolt (eot. x) would 
then be the sine of the ezceao oyer 90^. 

fLoM 90 becauee the table of natural dnea is to radius unity, and we used 
COS. S and cos. m to the radius of 10, making two tens to take away. 
16 
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from 49'' 60' ftS" to SO"* 48' 29" is 49' 3" ; and now on ike vappch 
titioQ thai the chaiige \b in projportlon to the time ( and it is very 
aesrlj }, m have the following analogy 

lo 21' 23" : 49' 3" : : 3^. : t 

Or, 4883 : 2943 : : 3 : U. 4Bm. ids. 

That IB, the time that this observation was taken Ih 48m 29s after 
6 at Greenwich. Or, 7h 48m 29s mean Greenwich time. 

With the tnie altitude of the sun 20^ lif 38", the latitude 34<> 
12'» and the polar distance lb9^ 0' 48", we find the apparent time 
at ship 3h 10m 6s, to which we would add the eqttatioii of time, 
12m 34, maldng the mean time 3h 22m 39s. 

From the Gh-eenwich time 7h. 48m. 29«. 

Sub. time at ship - - 3 22 39 

Giving Ion. m time '- 4 25 fiO— 66° 27' 38" W. 
West, because the tiooie at Greenwich was later in the day. 

If a lunar is taken with a star, or witH tlie sun, when the sun is not 
in a proper position to depend uplon its altitucle for local time, the 
time must be lidfed hf a watch, add the difference between the watch 
and true time mirilfe known, by apreViot^ of stibsibquent observation 
on the sun, or soni^ st&r which id neaHy east of west of the observer. 

The most mateml part 6t working a lunai^ is that of clearing the 
distance. We, therefore, give tiie follolring ekkfikples, without the 
little incidental detiiOs; 

We 8ho# the woiking of one in which the distance is greater 
than90^ 

The apparent distance between tiie center of the stm and moon 
on a dertBitt ooi^ion, wa^ Sl8^ 12'; th;6 ap^fiu^nt altittide of t^e 
sub's center was 64® ICT, and of the lAoon's 20** 37' ; the moon V 
horiacftitdlpafaflai at the sttdie tioie was 5^^' 12". Whaiwas th^ 
true diirtu^oe ? Ans. 97"* 25' ICT 

HdmdritaT par. 67' 12"=:S43i log. 3;632647 
3 Alt 26'° 37'' cos- 9.971256" 

Parallax m ak as* 31'«»S2n kg. 3.586803 
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«S7 



3'8 app. •It. «o^ sr 

Refraction —2' 31* 

ParalUiz +63' 31^ 



II spp. alL 54^ 10" jD^ 
RefinMUbkui —40f 



VBiamaiLk4f 9' Vf 



Q*B tme alt. 9^ 29' 

(5'-|-m')=74^ 47' 

Nat. cosine 74'' 47' is -f .26247 

^=98'' 12' Nat. COS. is —14!^ 



(S+m)=:7SP 37' ftor 



Algelvaio sum .11984 log. —1.078602 

ig^64^ 9'2(roos* - - - 9.767691 

m=:21®28' COS. - - - - 9.968777 

JSr^zBi"" 10' COS. complement - 0.232626 

■i'=2p® 37' COS. complement - 0.028744 



Sum (rejecting 20} — I.Q76239 
This log. correBponds to -{-. 1 { 9 1 9 

—Nat. COS. (iS^4-m)=cos. 76^ 37' 20* —.24832 

COS. «=co8. 97^ ?6' lOr — . f 2913 

N. B. The last Nat. co3ine having the minus sign shows that 
the corresponding arc |?iu^ be greatei: than 90**. To find the 
arc we conceived .129 J 3 to be pigs, and fopnd it o<)xreefop4ed 
in the table to the Natural sine of 9^ 26' io^ and to t)uj| yfp 
{kdded 90^ for the result. 
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,j^ Ap.«tt.of«aii 


Moon's »p. 


Appftranteen- t |iooii> 


TnnB. 




oraflzedtter. 


ftltitode. 


tnJ diBtoaoe. 


hor. par. 


diBUnces. 


o / 


O / 


/ // 


/ tt 


O / // 


1 


86 3 


39 18 


46 46 


63 61 


46 426 


2 


:|c 29 47 


67 22 


27 36 


60 3 


28 8 24 


3 


31 14 


28 7 


14 21 30 


64 29 


14 9 24 


4 


60 6 


63 12 


61 3 21 


68 30 


60 41 16 


6 


:|c 34 28 


10 42 


49 18 38 


61 11 


48 46 39 


6 


826 


19 24 


120 18 46l 


67 14 


120 1 46 


7 


* 43 27 


40 9 


18 2136 


60 20 


18 8 12 


8 


5lc 63 13 


67 32 


60 13 49 


60 62 


. 69 48 12 


9 


72 26 


18 30 


81 2 28 


60 68 


80 9 33 


10 


60 33 


926 


70 36 16 


69 67 


69 49 12 



tt8 KAVIOATIOK. 

The foregoing method of clearing a lunar distance is very 
good, as an educational exercise, but for practical use, it is ob- 
jectionable, as the equation requires the use of natural sines and 
cosines. To ensure a complete understanding of this important 
subject, theoretically and practically, we will further transform 
the equation 

oos.«=(cos.^^fS?4KH)s.(f)-225:^ (1) 

. cos.o cos.m 

and adapt it to the use of logarithmic sines and cosines. 

Conceiring (S'-^-m') to be a single arc, and applying equation 

(17) (page 50), to the first (actor in the second member of (1), 

we shall have 

cosurss (•C) 

0OB.S' coB.m' '^ "^"^^ 

By equation (32) (p. 61), we find that cos.a?=l— 2sin.« Jar. 
By eq. (31) (p. 61), coB.(S+m)^i cos.H(^+«»)— 1. 
These yalues of cos.« and cos.(jS4-m)» placed in (2) will gire 
1— ^g^ti a 1^^ 2cos.^(/g^+m'+rf)co8.j(/g'-f m'— -(fjooB.^cos.m 

COS. <Sf cos.m' 

+1— 2C0B.«J(5+1»). 

By dropping the units in each member, and dividing by — 2, 
we have 
sin.'frs: (3) 

cos.o COSJM 

By division, we obtain 
sin.* ^x _ 



cos." i(S^) 

^_cosMS'^[j^)<^Bi(S'+m^ S^^ (4) 

COS.' i(5-fm)cos.5' cos.m' ^ ' 

Assume 

sin t p.-. Q08'l ( S '-\-m'-\^)coa.\(S''\^ — <^)cos. S cos.m f^x 
COS.* 4(iS^-|-m)cos.iS' cos.m' * ^ ' 

Calling P an mmUary arc, equation (4) now becomes 

COS.* i(iSH-m) 



LUKAB OBSE&YATIOKS. tt9 

Bdcaiuse sm.»P+coB.*P=xl, co8.»P=:l— 6in.«P. 

Whence — *"^'**^ =oob,«P, 

C08.'i(i8f-fm) 

By extnoting aqnaie root and clearing of fiactions* ire hare 

8ill.|«sC08.P coB.|(^-H'^)* W 

Equations (5) and (6) are plain and practical, they can be 
easily remembered, and they are adapted to logarithms. 

Equations (5) and (6) can be put in words, and called a rule, 
but in our opinion this is not necessary. 
We will now re-compute the last example, in which 
fif'«64® 10', iSf*.64^ 9' «0% i»'=20^ 37', m«521° «8', 

rf=98<* tr, (iS'+m')=:74^ 47'. 

^5'-|Hii'4^)»a6'' 29' SO* cos. (less 10) —2.786704 

l(iSr'-JHii'— rf)=11^3r30' cos. " —1.991000 

5=64^ 9^20* cos. " —1.767598 

«i=:21® 28' COB. —1.968777 

|(5^)-sS70 43/ 40' COS. complement 0.102364 

*cos. complement 0.102364 

S'=s$4^ 10' COS. complement 0.232526 

m'ssftO^ 37' cos. complement 0.028744 



2)— 2.980076 



—1.490038 
Add 10 



sin.Pl8^0'7' 9.490038 

COS.P 9.978203 

eoB.i{S^) 9.897636 

sin.i«» 9.876838=48'' 42' 26' 

2 



True distance, 97** 24' 50* 

The two methods do not give the same result precisely. But 
this one is the most reliable of the two. 

• The preceding log. repeated to obtain the aqnare of the last quantity. 
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It is comparatively an easy matter, to condvct a survey, or navigate 
a vessel, when there are no important difficulties to be overcome ; but 
the true test of knowledge or skill in a»y pursuit, is to be found only in 
real ndretsityA The , mmiWf wImi «ncce0«lu|^ n^anigipA J|ifl^«hH', wlifin 
eveiy tbang is provided, when all-in orAfr» af»d 4^ W4e»th0irfay<waMe» 
is deae^ii^ oC little credit.; but I^t, thc^ fllii|^ beoome 4^abled, and the 
storm terrific, and then there is scqp^e for thi^. e^^icis^ of every necea- 
sazy acquirement, and its kindred talent. 

So it is with the man of science ; ^hen every instrument is at hand, 
and all in order, it requires little skill, and bu^ cfti]QimQ\i^, knowledge, to 
make observations and experiments ; but when wp reverse the case; the 
tact, knowledge, and ingenuity of the man, may oft times more or less 
overcome the difficulties. 

For im3tance,.suppose it were necessary to find the altitude of the sun, 
for th(^ pigrpQSf of finding the latitude of the place (on shore), or for the 
purpose of findpiiig the time ; aijid^ we had no sextant or quadrant, and in 
fact, no instrument to measure angles. It could be done approximately 
as follows : 

Let a plumb line be suspended in water ; beve a knol iB the line, and 
let the knot be at a known distance above l^^afeef^ The knot will 
cast a shadow on the water ; measure the distance of this shadow from 
the plumb line. The knot and its shadow, with the phimb line and 
water, will form a right angled triangle, and the angle at the base, com- 
puted by plane trigonometry, wiQ be the altitude of .the su||> upper limb, 
and this altitude may be used for any purpose, the same as if it were 
measured by a sextant, but the accuracy is not to be depended upon, for 
the want of delicacy in the instrument 

A person on shore haying a; good w^tphf axidkii^wj^ hi^ la|j^de» 
can regulate his watch, or at least determine its rate and error for a 
short period of time. Then, if he have a nautical almanac, the common 
tables of logarithms, and a knowledge of spherical trigonometry, and a 



cofreflpending knowledge of astronom/, he can find the longitude by a 
lonar observationi without a aeKtanty as follows: 

Bj tlw means of bis watdi Md a ptamb Kae j he #itt be «U€i to 1^^ 
off an 0/ipHmmmk meiindian line^ M wfll then oboer^ the transits of 
stars, and of the moon across that merklia% taknuf those stirs wUei 
are at that time near the mooi^s meridian, some to the east and some to 
the west of the moon, and some more north, and others more south 
than &e moon. 

He wiU note the diiisreiiee in time, between the traaait of each star 
and the moon, across his approximate meridian, and by a eombinactioir, 
or rather comparison of thelAe» i)l>aenr«tion% he will be able to determine 
the moon's light ascenskn vwy neflrly. By the mooii*ft rif^t ascen- 
sion, and the aid of the naatioal slmsiiaei he can find the Greenwich 
time. 

Hie Greenwicti time, compared with the ^ocal time, wiUf £^Ve the 
longitude* 

When we can find the moon in a vertical plane with any two fixed 
stars, and it be at the time t3be moon changeli her declination very 
slowly, so that we can depmid upon a decHnatiotai tiAien from iffi^ lOfafti^- 
cal almanac for the supposed time, we can then determine the moon*s 
rfg&t asicensfoii, knd from ihenc:^ £he loi^^dd ad befote, Whether We 
ase ell land er sea. 

Ship-wrecked manners, and travelers similarly situated, have fre- 
quently resorted to these ai^ces to ol^taih their approxhxiate localities. 

We have frequently remarked in the course of this work, that the 
best poiBiHoii of a celestial object, at the time of taking its altitude, for 
the pur^se of more exactly di^finin]^ the timie, is when thd object it 
n^fHtlj 6ast or West ; We tiow prbposb tb i^dw \htA coiici\ldi^ely, ind 
titlMot6gtv^tti6 fdlowin^ 

X R V S 8 T I G A T I O V • 

7b Jlnd under what drmmstanceg^ in a given iatitudef a smdU mistake in 
observing or correcting the altitude of a cdestial obfect, w^ produce the 
emaiieMt efror in Ae time complied from it. 
Let !^ be the zenith, P the pole, r the supposed place, and m the triid 

place of the object. Let fiw be a parallel of altitucTe, join ihe pointe m 

tM f^, Hhd Mpq i^ the arb 6f the ^quiiioi' 

contained between the meridians Pm and 

Fr. 

Then as Pm and Pr are equd^ i^ ihiy 
Hi 4olMieM^imt mm pofrtioti df a pitr- 
attel-af deeUMtiOii rswill batbe etitwm^ 



-^^ 



-M,, 
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■Ititnde, and pq the meumre of the required error in time. And u the 
■idee of the triangle smt will neeeasarOj be nnall, that triangle may be 
conddered as a reetilinear one, right angled at t ; and because the angle 
Frm Is also a right angle, the angles »mr and PrZf being each the com- 
plement of mrSf are equal to each other 

We now have, 

rr : mr : : sin. nnr (^ZrP) : rad. (1) 

Also, mr :|i9 :: COS. 9r :rad. (3) 

Multiplfing these two proportions together, omiting the common 
factor «r, gives, 

rtipq:: cos. qr sin. {ZrP): (rad.)* (8) 

But, sin. rP or COS. 9r : sin. rZP : sin. ZP : sin. {ZrP) (4) 
Whenoe, cos. qr sin. ZrPssOn. rZP sin. ZP (6) 

The first member of equation (6), is the same as the thvd term in 

propOTtion (8); therefore, proportion (8) may be changed to the 

following, 

ft :|if ; : rin. rZP sin. ZP : (rad.)* 



Whence, / r>(rad.)« \ l 



sin. ZP I sin. rZP 
Now, ai the quantities in parentheses are supposed to be constant the 

value of M, the error in time must vary as -: ~- raries ; and it is 

^ ' sin. rZP 

obvious thai fq will be Uaatt when sin. rZP is grtaiai^ that is, when 

rZPss^QPt or the object due east or west 

Again, we can come to a like result, more directly and ele- 
gantly, by the direct application of the differential calculus. 

Let PZr be the spherical triangle, firom which tune, or the 
angle ZPr^ is computed. This angle will rary as the altitude 
varies, ZPand Pr, the co-latitude and polar distance, being con- 
stant for any small portion of time. 

Let A represent the sun's true altitude, L the latitude of the 
observer, D the sun's polar distance, and P the angle at the 
pole, included between the meridian of the observer and the 
meridian of the sun. 

Now, by a fundamental equation in spherical trigonometry, 
we have 

coB.P=^°-^-T-^°y-P (See page 214.) 
cos.Zsin.x> \ 1- o 

Now the altitude of the sun. A, varies every instant, and this 

Foot of what is now p. 230 in Ap. to Sunr 
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of P Wyntjt but L and 2> are eoustaaCb, 
tdliiiMr«#dlAreiilU the above equatioa wiU b^ 

ooe.Xifo.J^ ^ ^ 

fM^#li»^Mtaigl# JlPf n^ have 

iM.A : firt:F : : ritr.S : nitt.Z: 

rin,p^co6.^Binj .g 

ein.i> ^ 

This value of sin.J^ placM in (1) will give 
000;^ ahi,Z, D cb8..4(f if 
inn.J9 c6s.Z sin.2> 

Reducing, we find — rfP«r ^^— ^. 

cos.Z sin.Z 

Now as C0B.Z is a constant qna&tity, the value of — dP^ or 
the second member, will be least when sin.Z is greatest. That is» 
when Z is a right angle, and the sun due east or west of the 
observer. 

The minus sign before dP shows that when A increases; P 
decreases, which is obviously true at all times. 

When Z=0, that is, the observer on the equatoi*, the insult 

wiH be — rfi>=K_-_-, and, if we suppose the sun, also, on the 
sm.z ^'^ 

equator, it will all the while be either east or west of the ob- 
server, and then — dP^dA ; that is, the time and altitude would 
then have eqwd variation, 

LUKAB OBSBBVATIOHS* 

The differential calculus will apply most beautifdlly to the 
clearing of lunar distances from the effects of parallax and re- 
fraction. 

In this case we must regard the diffbrenc^ between' the true 
and apparent altitude of the moon, as a differential quantity, 
and the refraction of the sun or star a differential quantity, and 
the difference between the true and apparent distance i0 a cor- 
rection sought, and it is also to be regarded as a differential 
quantity. 
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Let Z5 W represent the obeerred trungfa. 
The obeenred oenter of the sun or star is at 
S\ but the center really is at S. The ob- 
eerred oenter of the moon is at m', the real 
center i at m, as seen from the oenter of the 
earth. S W is the apparent distance, but the 
tme distance is 8m. 

Let Sss the apparent altitude o the sun or star, 
mas the apparent altitude of the moon* 

And«s= the apparent or obserred distance S'm\ 

Now by spherical trigonometry, (see page 223 of this book,) 
ire have 

^^- ^ co8.« — sin.^sin.m /-% 

COS.Z=s ^ . ( 1 ) 

cos./S^ cos.m 

In this problem the angle Z is always a constant quantity, S 
and m are rariable, and x varies in consequence of the variations 
of S and m. But we may take these effects separately. That 
is, by supposing m only to vary, and discover the corresponding 
variation for x. Then we may suppose S to vary, and obtain the 
corresponding variation to x ; and lastly, these two effects put 
together will be the total variation for x, or the difference between 
the apparent and true distance between the sun and the moon 
or a star and the moon, as the case may be. 

We will therefore differentiate (1) on the supposition that x 
and m are variables. 

That is, d, cos.Z cos. S coB,m=sd. cos.a: — d, sin. S sin.m. 

Or —cos.Z cos. ^ sin.m cfm= — sin.^ dx — sin. S cos.m dnL 

dx 
sin.«--- =cos.Z COS. S sin.m — sin. S cos.m. (2) 
dm 

„. A^/tx- 9 a COS.* — sin.Ssin. m 

But equation ( 1 ) gives cos.Zcos.5= , 

cos.m 

Multiply by sin.m, then 

^^i, 7 /^^o <? o;« ^ <50S.a: sin.m— sin. S sin. *m 

cos.Z COS. o sin«m=s . 

cos.m 

This value placed in equation (2), that equation becomes 

. dx cos.ar sin.m — sin.S^sin.'m „• o^^-^. 
8in.a; -*- — am a cos.m* 

dm cos.m 
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Or oos.M8iii.s--.BC08.«8in.m — Bin.58in.'fii — 8in.5oo8.'ifi. 
dm 

es008Jr8m.lfl — BiB.5(8ill.'f»-l-^0f«*fll). 

Bui (rin«'0i-}-<'O8.'fli)s= 1. Therefore 

coe^msinur-^ s=ooBjr 8in.m — Bin.A 

Or dlr«/^^''^'"'*V^°'^, (S) 

\ C08.fllBlIl.« / ^ ' 

Now if we anppose that x and ^ are die yariables, in place of 
« and nty the reeult will be the same as (3) if we change 5 to M 
and m to i9. 

Therefore (^^^^^^'S--%m.m\^g .^ ^^^ ^^,^^ ^^ ^ ^^^^^ 

\ C08./9 8in^ / 

ponding to the yariation of the snn or star's altitude. 

The apparent place of the moon is below its true place, and 
the apparent place of the snn or star is above its true place, 
therefore dm and dS must hare contrary signs. Consequently, 
the whole yariation of «» when both S and m vary, (as is always 
the case,) must be 

^ / COB.X sin.m — sin.y w^__ /cos.a? 8in.5— sin.m X^ y ^^v 

\ cos.msinur / \ cos. 6^ sin jp J* * \ 9 

When the sun or star is at the senith, {dS) is then nothing, 
and the yalue of (2r is expressed by the first term of the second 
member. When the moon is in the senith, then (dm) becomes 
nothing; but in practice, such cases would not be likely to occur, 
once in a life time. 

We will work the fourth example by this formula : 

Qivm^ the iun*8 apparent aUUude 60^ B\ The moon^e apparent 
altitude 6^ 12'. The apparent distance 61'' 3' 21% and the moan's 
horizontal parallax 68' 30*, to find the true distance from center to 
oenter, as seen from the center of the earth.* 

Ans. 60^ 41' 16% 

* Ooneetion may be made for the figure of the earth by correcting the 
parallax for the latitude of the obeerrer, aa shown in table on page 334. 



Here S^e(f 6\ m^BS'' ir, «»61<'3'2r. 

3 '• p«= w ^cTasSsnT, log. - - s.sissof 

COS. m - 9.654059 

Pandlaz in altitude +1582* - - 3.199366 
BefiMtion —t^"' 



(insmJ^lBST dSsa^^T'svLn's refraction 



For the coefficient of dm^ 

sinsn —1.950650 coa.fH -»1. 654059 

C08.« —1.798351 Bin.« —1.890843 

■B-T-r -IDT- —- T- wummmatm >*<■ ■ > 



^108 -^L748001 -^.544aGS Ben*. 

N. sin./S— .86675 



—.30567 log. ^ -* -' -*-t. 485265 Nmm 

—1.940363 
dmf 1553 log. ^ ^ ^ 3.191iri* 

First part of <& —1354*, - - 3.131534- 

■■ - -' • • ■• . ■.-^-=.^^--^..-..-^..-.. . -. - ..>..... - - 

For Uie coefficient of dS, 

^.S — 1.9d789£^ cos.^ —1.697874 
C08.d; —1.798351 Bin.d; —1^890843 



+.54480 —1.73624a —1.588717 Den* 

N. 8in.m — .89259 



—.34779 log. - - . —1.540078 NuA. 

—1.951861 
i5=s_3r log. +1.505150 

28*6 1,456511 

Whence &?=»- 1354''+28''6ia —22' 6" 
Apparent distance, 51° 3' 2r 

True distance, 50^ 41^ 15" 

The equation 
^j^^ (oos^sin.iii— sin.5) « /coB.xBm.S — si n.m\,a 
cos.f»sinur \ cos.5sin^ / 

can be put into another form, which* will better suit the tasttod 
of mere practical men, and areid the use of natural sines. 
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Asmune eoBa eim.mssmn^ and ooe^diLiffssBfiinJ?, and 
detennine the rallies of A and B. Then we shall hare 
^^(8in.J-«m.g)^^ XBm.i?-em.m\ ^g 
coe.msin^ \ cos.iffsinjp / 

The first term of the second member wQl be pins or mmns, 
according as ^ is greater or less than S» The coefficient otdS 
IS positire, when B is greater than am. Bnt (dS) is always nega- 
tire; hence, the product wiU be positiye or negatire, according 
to the roles of algebraic multiplication. 

Bj the application of equation (16), page 60, and diriding hj 
ft, the preceding equation becomes 

cos4(^4>ig)sin4 (A^ S) ^ ^ cos.i(^+m)8in,i( Jw/>m) ^ ^ 

cos.m sinuff cos. 5 sin.j; 

This equation, put in words, would be a rtde for clearing the dis- 
tance, but those who comprehend it, can follow it as readily with- 
out the words,as with thenu We illustrate by a single example. 
The Bign w/) indicates the difference between the two quantities between 
which it is placed, when it is not known which is the greatest 
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SuppoH that in latitude 46^ north, the moan's tg^pareni aUiude 
uae 36^ 28', and that qf a planet 24^ 43', and their cq^pareni die- 
temce aeunder woe 71^ 46' 24\ The moon*9 horizontal parallax at 
that time wu SB' 31", and that i^ the planet 29"; what woe the true 
distance as seen from the center ef the eartU 

PBSPABATIOV. 

0)'» hor* par. 58' 31* 
Table, Wfi ^^^» ^^ 

68' 23''3=:3603.3 log. 3.544477 
cos.3's alt. 36"^ 28' 9.905366 

3's parallax in alt. 28ir 3.449843 
Befraction - — 77 

iCmss2740' 



Log. ftB" L46e398 
Cos. 24'' 43' 9.958271 



Parftllflz in ATt. 



+26''3 
~1M 



1.420669 



For the aaxiliary arcs A and ^, 

oosjf7r46' 9.495388 - • - 9.495388 
8Ui.m36°28' 9.774046 8^.524*^43' 9.621313 



A 

S 



10^ «' 9.269434 
24^ 43' 



£ 



7*»1' 
i6f^2S' 



S.lie'ftt 



I{fl4.^)«ir>4y 
i(iS^^)« r or 

We now fottow ibe formobu 

1st Tenn. 
008.i(5+^) ir>43' 

8in.K^— ^) 7^ 0^ 
cos. compl.m 36^ 2^* 
sin. complJ? Tt^ M 
dm 2740* 



Kl9l4>£>a:21'' 59' 



9.978898 
9.0«6894 
0.094634 
0.023298 
5.437751 



(Less 20). — 417'3 2.620475 



2nd Term. 
coB.\{fnr^B) 21° 59' 9.967217 
sin.|(m— J5) 14^ tt' 9.397621 
COS. eotople. 24^ 43' 0.04 1 r2& 
sitf. conqde. TV^ 24* &.i*2SWS 



+26''29 1.419760 



The first term is minus, because A \!i< fess. Aair jB( m3 the 
second term is plus, because it ct^iilains thl^ ^rodwi «f il0ro 
minus £ftctors» (sinjS — sin.m} and dS. 

Whence ldbar«^}7^26''3i-iB---39r 

Or cfcs=s^782'=i - - —13' T 

Apparent distance, - * . Tf* 48' 24* 



True distance. 



71° 33' 22" 



• In computing the coefficients, seconds of arc need not be noticed. 
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W^ gbF« tkft snowing examples orfistmoes bettreen the 
moon and planets, ibr exercises : 





Umi^Apii*- 


PtaMffeAp- 


M MB't DIM. 


MMB*llBiff. 


PUUMt^ 


Tin* 


Wm» 


■MtAltiMa*. 


pwwtAlt. 


ftMiPlaMl. 


Pmlluu 


Pttmliax. 


DilUM*. 




» « 


• « 


Q * m 


*' *t 


\ « 


« #' * 


1 


68 36 


16 S3 


69 37 20 


56 


31 


69 40 30 
59 58 57 


2 


80 4 


35 30 


eo 4 3 


61' 16 


18 


3 


16 26 


29 41 


98 15 31 


60 35 


30 


9T45 4 


4 


60 14 


51 3 


40 


54 50 


S5 


39 44 4t 


6 


68 12 1 


38 S7 37 50 34 1 


55 ]» 


«3 


^56 14 



i»<;taA,Riisvs«. 

In the iMrepart of this y^mne, we ka^e sbown tbepraetiori 
uses of logarithms, using the common tables^ wUoh extend 0&I7 
to six places of decimals, and this is sufficient for all common 
pnrposes. But for those who desire to be more nice and accu- 
rate, we hare computed a table extending to twelve decimal 
places, including the consecutive numbers from t to 200, and 
l^rem tixenee, thA p^itma nnmllsiv.as^ filrasr 1643^ iDgsthev with 
the Auxiliary Logarithms of unity, and. *.fra«ti4i& a»Jaw as- ths 
nnber UOOQOOOOOQI. 

In these logarithms the index is omitted, as it is nffJinoessinBiy 
lAaiSL one has obtained the tnia thoorf of logarttlnnsi F<it • in- 
stance, the log. of the number 98 ba» a oertatn deoin&al part^ 
wUoh most remain the same if that number be changed to* 2.8, 
OS to JStZf or to 280^ 4»5. die, and aeeoidlng to the v«lue of the 
2 and 8, the operator wiU prefix the index. 

To make a table of logarithms anew, to oiMrtai»ian7 particular 
nmi^r of decimal pUiees, the foUewing^ ibrmula,, taken frew 
algebra, is the most praetieal and cpn^Miiiest of aajryet knowBr 



lQg.«+. 8685889638^- 



I 



r-) 



Acu. 



\2;?4-l ' 3f&+l)» • 5(2*4-1)' 

This formula will give the log. of («+l) when the log. of s 
is known, but the log. of z is known when we make i?=l, 10, 
too, 1000, drc. Then the ^rmula will give the logarithms of 
2, 11, 101, 1001, (fee. 
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When I is large, fjgfte 100, the series oonyerges very rapidly, 
and then, only two terms need be used. When i is oyer 
SOOO, only two terms need be used, even for twelve decimal 
plaoes. 

The auxiliary logarithms, A^ B, (7, page 71 of tables, were 
computed by tiiis formula. For instance, the log. of 1001 is 
the same in its decimal part as the log. of 1.001. Hence, when 
we hare the logarithms of 1001, 1002, 1003, d^c, we have the 
logarithms of 1.001, of 1.002, dpc. 

The greater the number the more readily can its logarithm be 
computed. 

That the learner may fully comprehend the application of 
these auxiliary logarithms. A, B^ C, he must call to mind the 
following principle : 

(Art. 1 4.) The product of any number of factors consishnff of 
unity and a small fraction, ii very nearly equal to unity, and the 
eum of those fraetum$» 

Thus the product of (1.0001), (l.(K)002), (1.000003), is very 
nearly equal to 1.000123. 

If this be true, we can immediately separate 1.000123 into 
the same fitctors. 

The number 1.00021 maybe taken for the'pi^nct of (1.00004) 
(1.00017), without any material error. 

Or (1.00021) maybe taken for the product of 21 factors, each 
equal to (1.00001), with yery little error; and if this be true, 
1.00001 is the 21st root of 1.00021 yery m»rly. 

This principal may be proved algebraically thus : Let a, b, ' 
and c, be very small firactions, then the prtniuct of ( l-{-a) • ( 1-|-^) 
is \-\ ^ I h \ « ab, as we find by actual multiplication. 

But a and b being yery small fractions, their product ab is 
extremely small in respect to a or 5, and therefore ab may be 
omitted, and the essential part of the product is l-|-^-|-5, that is, 
unity and the sum of the ftoxiAofna. 

Now let (a+5) be «, and the product of (l+«) '"^"^^ (1-H) 
will be l-H+c ; that is, the product of (l+«) (l-K) 0+0 
cannot be bx from l-j-a | ^ | c» 
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Let ui tiy this in Aumben. Multiply 1.0001 hj 1.00004. 

1.00004 
1.0001 



100004 
1.00004 



1.000140004 

But this yalue is extremely near 1.00014, the mm o/unUy and 
the JracHonal parts i^the/actari. 

(Abt. 15.) When the difference between two quantities of 
the same kind is yery small in relation to the quantities them- 
selves, such a difference (in the higher mathematics) is some- 
times called a d^eretUial^ 

Thus, in the last example, the difference between 1.000140004 
and 1.00014 is .000000004, and it is so small in relation to 
1.00014 that it may be omitted without sensible error, and it is 
then a practical differential. 

The difference between 8 and 9 is 1, but in this case 1 cannot 
be a differential, it is too large. 

The difference between 80000 and 80001 is 1, and here 1 
might be taken as a differential in some practical computations, 
and therefore omitted. 

There is no exact line of demarkation where a difference may 
be taken for a differential ; that depends on the nature of the 
case ; hence, those who distrust their own judgments are gener- 
ally prejudiced against the calculus. 

If we take the logarithmic formula from (Art. 13,) and con- 
ceive ;? to be very large, then the difference between («+l) and 
g is one (very stnall), and may be regarded as the differential of 
g: and in that case log.(z-|-l)'-— log.z is the same as the differ- 
ential of the logarithm of z. 

Making this supposition, the formula in (Art. 13) becomes 

(dif.) log.«=0.8686889638X^^^^ . 

We take but one term of the series, because the following 
terms are of no essential value compared to the first, and as 2; is 
very large, (2«-|-l) is comparatively so little greater than 2«, 
16 
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that for hWprapHoal purposeM, it may be taken as iz, and then the 
preceding equation will reduce to 

(>^;f)i.g,- 0-*8*8944819(dif.> ^jj» 

z 

The symbol (dif.) signifies the differential of the quantity 
which follows it, and this equation, put in words, gives the fol- 
lowing rule to adjust a logarithm to correspond to any particular 
number. 

Bulb. — The differencial of a logarithm in equal to the differential 
qf the number multiplied by the modulus, and the product divided by 
^ number. 

When we wish to find the differential of a number corres- 
ponding to a given differential of a logarithm, we change the 
equation to the following : 

(dif.>=-f(!i^^:)i^?f-. (?) 

^ ^ 0.4342944819 ^ ^ 

This gives the following rule to correct a number : 
RuLB. — The differential of a number is equal to the number mul^ 

Hplied into the differential of the logarithm, and that product divided 

by the modulus of the system. 

The practical use of equations (1) and (2) will be found in 

the following 

BXAMPLBS. 

1. When the diameter of a circle is 1, the circumference is 
3.14159265359. Find the logarithm of this number true to at 
least ten decimal places. 

The number being between 3 and 4, the index is 0. During 
the operation we shall pay no regard to the index of any loga- 
rithm we may take out, because it will not be necessary. We 
may consider the number to be 314 and a decimal, or we may 
take the whole for a whole number, but it is best to take 314, 

Vidy 
* This equation is found in the differential calculus, thus : (fopss , an 

equation in which 4p is a logarithm, y a number, and m the modulus. Here 
then, rough and practical as our equations appear to be, they exactly coin* 
cide with the most refined theory. 
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MS 



ib$ thrw iuperior digits, as a whole number^ ipAolmr tk0 number 
maybe. 

Table III. commencing on page 67 of tables, and the auziliarj 
logarithms following, are the log. referred to. 
314=167X2. 

Log. 167 - . 
Log. 2 - . - 



0.196899662409 
0.301029996664 



Log. 314 - - - 
Table B, 1.0006 log. - 

Product, 3141670 log. 
Table 0, 1.000007 log. 

2 199099 
314167 



Product, 
Giren number. 



314169 199099 
314169 266369E 



log. 
It 



0.496929648073 
0.000217092970 

0.497146741043 
0.000003040047 



0.497149781090(a) 



DiflF. 66260=(dif.)«. 

We haye log. (a) the logarithm of a number very near s, so 
near, that the difference may be called a differential ; therefore 
we may use equation (1). 

(dif.) loir.s=(£d?l??H5K55?52) 
^ ^ * 31416919909 9 

But we may take common logarithms to reduce this second 
member. In that case we have only one log. to find, as the log. 
of the modulus is constant, and (a) may be used for log. of i. 
log. 66260 .... 4.821261 
log. m - - - - —1.637784 

4.469036 
11.497160 



log. » . 

Num. 0.000000091696 

To (a) . 
Add dif. oiz 



—8.961886 
0.497149781090 
0.000000091696 



Num. 3.14169266369 log. —0.497149872686 Ane. 



t44 
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Tlie fiietor 1j0005 mm ohyiffOB, but ^m oilier ikotor l.CM)0007 
maj not be so, — the question then is, how did we obtain it? 
It WM thus: 

3. 141 G74?=3.141 59265S59( 
Whence jr=1.000007+. 

%, The mdere&l pear eotrntts qf 365.25(|S3744 mean solar days. 
What ie the loganntkm of tide manJberf 

It we take the four superior figures, 3652, as a whole number, 
and fiictor it, we shall find that it is equal to 44*^3. Hence 



0-643462676486 
0.919073092376 

0.562530768862 

•000043427277 

21712704 

J737173 

f .662597646016 {a) 



Log. 44 - • - 
Log. P3 - • - 

Log. 3602 - - • 

i 1.0001 log. {B) 
1.00005 log. \0) - 
1.Q00004 log. \(J) 

365.2562408 log. - 
365.2563744 given number. 

.0001336 differential. 
We obtained the abore &etor9 by solring the Allowing eqiiMi- 
tion: 

36524r=365.2563744. 
Whence drsl.000154, (Art. 14,) (1.0001) (1.00005) (1.000004). 
To correct {a), and make it exactly correspond to the giy^n 
number, we hare the following expression : 

^;.,^^ (P>43429448)(1336) 
^ 3652562408 



By common logarithms. 



Num. 0.000000158500, 
To (a) . . 
Diflf. 

Log. sought. 



log.ffi —1.637784 
log. 1336, 3.125806 

2.763590 
log. a 9.562597 

—7.200993 

. 2.562597646016 
.000000158500 

. 2.562597804516 
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3. When the radius of a circle is \, the natural sine </ 7^ SO' 
is ea^essed hf ike decimal 0.1306261921. What is the togarkhm 
of this numberf 

Log. .13 .... 0.113943362307 
Log. 1,004 - - - 0.001733712776 

Product 



Faotors 



.13062 
1.00004 log. 
000007 log. 
0000004 log. 



(i.< 



0.116677066082 

- OOOj 1737 1430 

3040047 

173716 



4(n) 



Log. sin. of r' 30' (Bad. unity,) —1.116697660276 
For the common table, add - 10. 



Log. sin. f 30', for table, - 9.1 16697660276 

By the foregoing, the reader will perceive that the logarithm 

of any number can be found by these tables, true to at least ten 

places of decimals. 
We are now prepared to take the converse problem, that is : 

Oiven a logarithm to find its corresponding number, 

BXAMPLBS. 

1. What number corresponds to the log. 4.636747619487? 

Comparing the decimal, with the decimal logarithms in the ta- 
ble, we perceive that it corresponds to a number which is a little 
greater than 433 ; but as the index is 4, the real number must 
be a little greater than 43300. Let this be one factor of the 
required number, then 



From the given log. 
Subt log. of 43300 - 


4.636747619487 
. 4.636487896363 


Log. 1.0006, tabled. 


0.000269623134 

217092970 next less 
in B 


Log. 1.00009, table (7, 


.000042630164 
39083266 


Log. 1.000007, table (7, - 


3446898 
3040047 



406861 
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•000000406851 
Log. 1J0000009, • • . . 390861 9(n) 

16990 
Log. 1.0000000S - - - 1SP29 3(o) 

""^ 2961 

The product of l3ieBe small bcton is 1.00059793. (Art. 14.) 
Multiply this product by the feictor 43300. 

Or which in the same thing. 

Multiply 100.059793 

By 433 

300 179379 
8001 79379 
40023 9172 



Apptoziiiiftte number, 43325.890369 

But the last remainder in the logarithm (2961) may be taken 
as the differential of a logarithm, and corresponding thereto i^ 
a differential of the number, which must be added. 

It is found thus : 

Diff: of the ^.t-tW- (^^^^)^QQ^^<^QQ^^^^^) 

.43429448 

By log. log. 43325 - - 4.636747 (the given log.) 
.000000002961 - - —9.471438 



—4.108185 
Log. .43429, <kc. —1.637784 

Correction 0.0002954 log. —4.470401 

Approx. num. 43325.890369 

Kum. sought, 43325.8906644 

■ XAMPLSS. 

1. What number corresponds to the log. 2.2049231 18054? 

Jfu. 160.29616. 

2. What number corresponds to the log. 4.133409102? 

Ana. 13596.93. 

3. What number corresponds to the log. 3.2789020746? 

Ani. 1900.64967. 
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1 TO 10000* 




N. 


Log. 


N. 


Log. 


N. 


Log. 


N. 


Log. 


1 


0000000 


96 


1 414978 


61 


1 707670 


76 


1 880614 


9 


801080 


37 


1 481864 


63 


1 716003 


77 


1 886491 


8 


477131 


38 


1 447168 


68 


1 734376 


78 


1 893095 


4 


0603060 


39 


1 463898 


64 


1 733394 


79 


1 897637 


6 


688970 


80 


1 477131 


66 


1 740363 


80 


1 903090 


6 


778161 


81 


1 491863 


66 


1 748188 


81 


1908486 


7 


0846006 


83 


1 606160 


67 


1 755876 


83 


1 913814 


8 


908090 


88 


1 618614 


68 


1 763438 


83 


1 919078 


9 


964348 


84 


1 681479 


69 


1 770663 


84 


1 934379 


10 


1 000000 


86 


1 644068 


60 


1 778161 


86 


1 939419 


11 


1 041398 


86 


1 666803 


61 


1 786330 


86 


1 934498 


13 


1 079181 


87 


1 668303 


63 


1 793393 


87 


1 939619 


13 


1 118948 


88 


1 679784 


63 


1 799341 


88 


1 944483 


14 


1 146138 


89 


1 691066 


64 


1 806180 


89 


1 949390 


16 


1 176091 


40 


1 603060 


66 


1 B13918 


90 


1 964348 


16 


1 304130 


41 


1 613784 


66 


1 819644 


91 


1 969041 


17 


1 380449 


43 


1 638349 


67 


1 836076 


93 


1 968788 


18 


1 366378 


48 


1 688468 


68 


1 833609 


98 


1 968488 


19 


1 378764 


44 


1 643468 


69 


1 838849 


94 


1 978138 


30 


1 801080 


46 


1 663313 


70 


1 846098 


96 


1 977734 


31 


1 833319 


46 


1 603678 


71 


1 861368 


96 


1 983371 


33 


1 843438 


47 


1 673096 


73 


1 867333 


97 


1 986773 


38 


1 861738 


48 


1 681341 


73 


1 863338 


98 


1^991336 


34 


1 880311 


49 


1 690196 


74 


1 869333 


99 


1 996636 


36 


1 897940 


60 


1 698970 


76 


1 876061 


100 


3000000 


N 
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N. 



100 
101 
102 
103 
104 

105 
106 
107 
106 
109 

110 
HI 
113 
113 
114 

115 
116 
117 
118 
119 

ISO 
121 
123 
123 
124 

136 
136 
127 
138 
139 

130 
181 
132 
133 
134 

185 
186 
137 
188 
139 

140 
141 
143 
143 
144 

145 
146 
147 
148 
149 



000000 
4321 
8600 

012837 
7033 

021189 
5306 



033424 
7^6 

041398 
6823 
9318 

063078 



4468 

8186 

071883 

6647 

9181 

083786 

6360 

9906 

093433 

6910 

100371 

8804 

7210 

110690 

8943 
7271 
120674 
8862 
7106 

180684 
8689 
6721 
9879 

143016 

6138 

9319 

163288 

6336 



161368 
4363 
7317 

170262 
8186 



0434 

4760 
9026. 
3269 
7461 

1603 
6716 
9789 



7826 

1787 
6714 
9606 
3468 

7286 

1075 
4832 
8667 
2260 
6012 

9648 
8144 
6716 

.268 
8772 

7367 
0716 
4146 
7649 
0926 

4377 
7608 
0903 
4178 
7439 

0656 



7037 
.194 
3837 

6438 
9537 
3694 
6640 
8664 

1667 
4660 
7613 
0666 
8478 



6181 
9451 



7868 

3016 
6126 
.196 
4327 
8228 

2182 
6106 
9993 
3846 
7666 

1462 
6206 
8928 
3617 
6376 

9904 
3608 
7071 
.611 
4133 

7604 
1060 

4487 



1363 

4611 
7934 
1381 
4604 
7768 

0977 
4177 
7864 
.606 
3630 



6748 
9636 
3900 
6943 
8965 

1967 
4947 
7908 
0648 
3769 



1801 
6609 
9676 
4100 
83R4 

3438 



.600 
4638 



2676 
6495 
.880 
4380 
8046 

1829 
6680 
9396 
3966 
6640 



.366 
8861 
7436 
.968 
4471 

7961 
1400 



8337 
1699 



1660 
4880 
8076 

1396 
4496 
7671 
.832 
8951 

7068 
.142 
8206 
6246 
9266 



6244 
8203 
1141 
4060 



1734 
6038 
.300 
4621 
8700 

3841 
6942 
1004 
6029 
9017 



.766 
4613 
8436 

3206 
6963 



7004 



^19 
7781 
1815 



1747 
6169 
8665 

1934 

5878 
8695 



5166 
8899 

1619 
4814 
7987 
1136 
4363 

7867 
.449 
3510 
6649 
9667 

3664 
6641 
8497 
1434 
4361 



3166 
6466 
.734 



9116 

3363 
7860 
1408 
6430 
9414 

8863 
7376 
1168 
4996 
8805 



8718 
7368 

.967 
4576 
8136 
1667 
5169 

8644 
3091 
6610 
8908 
3370 

6611 
8936 
3316 
5481 
8733 

1989 
5133 
8308 
1450 
4574 

7676 
.766 
8815 



6838 
8793 
1736 
4641 



1147 
5860 
9633 

8664 
7767 
1813 
6830 
9611 

8755 
7664 
1688 
6378 
9186 

3968 



.407 
4066 
7731 

1847 
4934 
8490 
3018 
6618 

8990 
3434 
6861 
9341 
3606 

5943 
9366 

2544 
6806 
9046 



6451 
8618 
1768 



7966 
1063 
4120 
7164 
.168 

8161 
6184 
9086 
3019 
4932 



7321 
1670 
6779 
9947 

4075 
8164 
2216 



.207 

4148 
8068 
1934 
6760 
9663 

8883 
7071 
.776 
4481 
8094 

1707 
6391 
8846 
2370 
6866 

9836 

3777 
6191 
9579 
2940 

6376 
9686 
2871 
6131 
9368 

3680 
6769 
8934 
2076 
6196 



1370 
4424 
7467 
.469 

8460 
6430 
9880 
3311 
6222 



8461 
7748 
1993 
6197 
.861 

4406 

8571 
3619 



.602 

4640 
6443 
2369 
6143 
9943 

8709 

7448 
1145 
4816 

8467 

3067 
6647 
9196 
3731 
6216 

9681 
3119 
6531 
9916 
3276 

6608 
9916 
8196 
6466 
9690 

3900 
6066 
9249 
2389 
6607 

8603 
1676 
4728 
7769 



3768 
6726 
9674 
2603 
6612 



3891 

8174 
3415 
6616 

.776 



8978 
3031 
7028 



3094 
6534 
.830 

4068 

7816 
1614 
5183 
8819 

3436 
6004 
0653 
8071 
6663 

1036 
3463 
6871 
.253 
3609 



0246 
8626 
6781 
..12 

3219 
6403 
9664 
2702 
6818 

8911 
1983 
6033 
8061 
1068 

4066 
7022 
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N. 





1 


3 


3 


4 


6 


6 


7 


8 


9 


150 


176091 


6881 


6670 


6959 


7248 


't^ 


7826 


8113 


8401 


8689 


161 


8977 


9364 


9653 


9639 


.126 


.699" 


.986 


1272 


1568 


163 


181844 


3139 


3415 


3700 


2986 


8270 


3565 


3839 


4123 


4407 


168 


4691 


4976 


6369 


5542 


6825 


6108 


6391 


t)074 


6966 


7v39 


164 


7631 


7803 


8084 


8366 


8647 

281 

1451 


8928 


9209 


9490 


9771 


..51 


166 


190683 


0613 


0893 


1171 


1780 


SOlO 


2289 


2667 


2846 


166 


8136 


8403 


3681 


8969 


4237 


4614 


4792 


6069 


5346 


5«*J3 


167 


6899 


6176 


6453 


6729 


7006 


7281 


'.656 


7832 


«107 


8382 


168 


8667 


8933 


9206 


9481 


9765 


..29 


.303 


.577 


.860 


1124 


169 


S01897 


1670 


1943 


3316 


3488 

278 

5204 


3761 


3033 


8806 


8677 


3848 


160 


4130 


4391 


4663 


4934 


6475 


6746 


6016 


6286 


6666 


161 


6896 


7096 


7366 


7634 


7904 


8173 


8441 


8710 


8979 


9247 


163 


9616 


9783 


..51 


.319 


.586 


.863 


1121 


1388 


1654 


1921 


168 


313188 


3454 


2720 


3986 


3262 


3518 


3783 


4049 


4314 


4579 


164 


4844 


6109 


6373 


6638 


5902 

264 

8536 


bl66 


6430 


6694 


6967 


7221 


166 


7484 


7747 


8010 


8273 


8798 


9060 


9323 


9686 


9846 


166 


930108 


0370 


0631 


0892 


1163 


1414 


1675 


1936 


2196 


2466 


167 


3716 


3976 


3236 


3496 


3765 


4015 


4274 


4533 


4792 


6051 


168 


6809 


6568 


5c36 


6084 


6342 


6600 


6858 


7116 


7372 


7630 


169 


7887 


8144 


8400 


8667 


8913 
267 
1470 


9170 


9426 


9682 


9938 


.193 


170 


380449 


0704 


0960 


1316 


1734 


1979 


2234 


3488 


2742 


171 


3996 


3360 


8604 


8767 


4011^ 


4364 


4517 


4776 


6023 


5276 


173 


6638 


6781 


6038 


6386 


6637 


6789 


7041 


7292 


7644 


7796 


178 


8046 


8397 


8648 


8799 


9049 


9299 


9550 


9800 


..50 


.300 


174 


340649 


0799 


1048 


1397 


1546 

249 

4030 


179^ 


2044 


2293 


2641 


2790 


176 


, 8038 


8386 


8684 


3783 


4377 


4626 


4772 


6019 


6366 


176 


6618 


6769 


6006 


6263 


6499 


6746 


6991 


7287 


7482 


7738 


177 


7978 


8319 


84lt4 


8709 


8964 


9198 


9413 


9687 


9932 


.176 


178 


360430 


0664 


0908 


1161 


1396 


1638 


1881 


2126 


2368 


3610 


179 


3868 


3096 


3338 


3680 


8832 
242 


4064 


4306 


4648 


4790 


6031 


180 


6378 


6614 


6766 


6996 


6237 


6477 


6718 


6968 


7198 


7439 


181 


7679 


7918 


8158 


8898 


8637 


8877 


9116 


9366 


9694 


9633 


183 


960071 


0810 


0648 


0787 


1026 


1263 


1501 


1739 


1976 


2214 


188 


3461 


3688 


2926 


8163 


8399 


3636 


3873 


4109 


4346 


4683 


184 


4818 


6064 


6290 


6636 


6761 

285 

8110 


6996 


6232 


6467 


6702 


6937 


186 


7173 


7406 


7641 


7876 


8344 


8578 


8812 


9046 


9379 


186 


9613 


9746 


9980 


.318 


.446 


.679 


.912 


1144 


1377 


1609 


187 


371843 


3074 


3806 


3638 


2770 


3001 


3233 


3464 


3696 


3927 


188 


4168 


4389 


4630 


4850 


5061 


6311 


5542 


6772 


6002 


6232 


189 


6463 


6693 


6931 


7161 


7380 

229 

9667 


7609 


7838 


8067 


8296 


8626 


190 


8754 


8983 


9311 


9439 


9695 


.123 


.361 


.678 


.806 


191 


381033 


1361 


1488 


1716 


1942 


2169 


2396 


2622 


2849 


3076 


193 


8801 


8637 


3753 


8979 


4206 


4431 


4656 


M882 


6107 


6333 


193 


6567 


6783 


6007 


6333 


6466 


6681 


6906 


7130 


7354 


7678 


194 


7803 


8036 


8349 


8473 


8696 

224 

0936 


8920 


9143 


9366 


9689 


9613 


196 


390036 


0257 


0480 


0703 


1147 


1369 


1691 


1813 


3084 


196 


3366 


3478 


3699, 


3920 


8141 


3363 


3684 


8804 


4026 


4346 


197 


4466 


4687 


4907 


5137 


6347 


6667 


6787 


6007 


6226 


6446 


198 


6666 


6884 


7104 


7323 


7642 


7761 


7979 


8196 


8416 


8686 


199 


8868 


9071 


9389 


9607 


9726 


9948 


.161 


.878 


.696 


.818 





OF irUMBERS 5 


N. 





1 


3 


8 


4 


6 


6 


7 


8 


9 


5100 


801030 


1347 


1464 


1681 


1806 


3114 


3881 


3547 


3764 


3960 


301 


8196 


8413 


8638 


8844 


4069 


4376 


4491 


4706 


^^1 


6130 


903 


6361 


6666 


6781 


6096 


6311 


6436 


6639 


6864 


70G8 


7283 


308 


7496 


7710 


7934 


8187 


8861 


8604 


6778 


8991 


9204 


9417 


30i 


9630 


9648 


..66 


.368 


.481 

818 

3600 


.698 


.906 


1118 


1330 


1643 


906 


811754 


1966 


3177 


3889 


3813 


3033 


3384 


3446 


3666 


906 


8867 


4078 


^^89 


4409 


4710 


4930 


5130 


6340 


6551 


6760 


307 


5970 


6180 


6390 


6699 


6809 


7018 


7227 


7436 


7646 


7854 


306 


8063 


8373 


8481 


8689 


oo9o 


9106 


9314 


9522 


9730 


9938 


300 


830146 


0364 


0663 


0769 


0977 

207 

8046 


1184 


1891 


1596 


1806 


2012 


310 


3319 


3^6 


3638 


3889 


8363 


8468 


8666 


3871 


4077 


311 


4383 


4488 


4604 


4899 


6106 


6810 


551(> 


6741 


6926 


6131 


313 


6336 


6641 


6746 


6960 


7166 


7869 


7663 


7767 


7972 


8176 


313 


8380 


8683 


8787 


8991 


9194 


9398 


9t>01 


9606 


...8 


.211 


314 


880414 


0617 


0619 


1033 


1326 

202 

3346 


1427 


1680 


1882 


2034 


2236 


316 


3438 


3640 


3843 


3044 


8447 


3649 


3860 


4061 


4263 


316 


4464 


4666 


4866 


6067 


6267 


6468 


6668 


6859 


6069 


6260 


317 


6460 


6660 


6860 


7060 


7260 


7469 


7659 


7868 


8068 


8257 


318 


8466 


8666 


8866 


9054 


9263 


9461 


9660 


9649 


..47 


.246 


319 


840444 


0642 


0641 


1039 


1237 

198 

8213 


1436 


1632 


1830 


2028 


2226 


330 


3433 


3630 


3817 


3014 


3409 


3606 


3802 


3999 


4196 


331 


4393 


4589 


4786 


4981 


6178 


6374 


5670 


5766 


6962 


6157 


323 


6363 


6649 


6744 


6939 


7136 


7330 


7525 


7720 


7916 


8110 


323 


8306 


8600 


8694 


8889 


9063 


9378 


9472 


9666 


9860 


.64 


334 


860348 


0443 


0636 


0629 


1023 

198 

3964 


1216 


1410 


1603 


1796 


1989 


336 


3183 


3376 


3668 


2761 


3147 


3339 


3632 


3724 


8916 


338 


4106 


4301 


4498 


4686 


4876 


5068 


5260 


6462 


5643 


5834 


337 


6036 


6317 


6408 


6699 


6790 


6981 


7172 


7363 


7564 


7744 


338 


7936 


8136 


8316 


8606 


8696 


8886 


9076 


9266 


9456 


9C4t> 


339 


9636 


..36 


.316 


.404 


.693 

190 

3483 


.783 


.972 


1161 


1350 


1639 


330 


861738 


1917 


3105 


2294 


2671 


2859 


3048 


3236 


r424 


331 


8613 


3800 


3988 


4176 


4363 


4661 


4739 


4926 


5113 ; 6301 


333 


6488 


6676 


6862 


6049 


6236 


6423 


6610 


6796 


» 983 71t>9 


333 


7366 


7643 


7729 


7916 


8101 


8287 


8473 


8659 


8846 1)030 


334 


9316 


9401 


9687 


9772 


9968 

186 

1806 


.143 


.328 


.513 


,698 ; .883 


385 


871068 


1363 


1437 


1622 


1991 


2176 


2360 


2544 2.28 


336 


3912 


3096 


3280 


3464 


3647 


3831 


4015 


4198 


4382 4666 


337 


4748 


4932 


6116 


6298 


6481 


5664 


6846 


6029 


6212 6394 


338 


6677 


6769 


6942 


7124 


7306 


7488 


7670 


7852 


8034 8216 


339 


8396 


8680 


8761 


8943 


9124 

188 

0934 


9306 


9487 


9668 


9849 , . .30 


340 


880311 


0392 


0673 


0764 


1116 


1296 


1476 


1656 1837 


341 


2017 


2197 


2377 


2567 


2737 


2917 


3097 


3377 


3466 , 3636 


343 


8816 


8996 


4174 


4363 


4533 


4712 


4891 


6070 


5249 6428 


343 


6606 


5786 


5964 


6142 


6321 


6499 


6677 


6866 


7034 , 7213 


344 


7390 


7668 


7746 


7928 


8101 

1T8 

9676 


8279 


8466 


8634 


8811 8969 


346 


9166 


9343 


9520 


9698 


..61 


.238 


.406 


.683 : .759 


246 


890936 


1112 


1288 


1464 


1641 


1817 


1993 


2169 


2346 3631 


247 


3697 


2878 


3048 


8224 


3400 


3575 


3751 


8926 


4101 i 4377 


348 


4463 


4627 


4802 


4977 


6152 


5826 


6501 


6676 


6860 6036 


340 


6199 


6874 


6648 


6733 


6896 


7071 


7346 


7419 


7693 j 7766 



• 


LOGARITHMS | 


N. 


• 


1 


3 


8 


4 


6 


6 


7 


8 


9 1 


980 


88T940 


8114 


8987 


8461 


8684 


8808 


8861 


9154 


9828 


9501 1 


961 


9674 


9647 


.iM) 


.193 


.866 


.588 


.711 


.883 


1066 


1326 


953 


401401 


1578 


1746 


1917 


3069 


3361 


2433 


i.'606 


3777 


3949 


368 


8131 


8393 


8464 


3636 


8807 


3978 


41^ 


4320 


4492 


4663 


364 


4884 


5006 


5176 


5846 


6617 
171 


6688 


6668 


0029 


6199 


6870 


356 


6640 


6710 


6881 


7061 


7381 


7801 


76(61 


7781 


7901 


8070 


366 


8340 


8410 


8679 


8748 


8916 


9087 


9357 


9^96 


9696 


9764 


367 


9938 


.103 


.371 


.440 


.600 


.777 


.946 


1114 


1283 


1451 


368 


411630 


1788 


1966 


2124 


S393 


3461 


2629 


2796 


2964 


3133 


360 


8300 


3467 


3635 


3808 


3970 


4187 


4305 


4473 


4639 


4806 


360 


4878 


6140 


6807 


5474 


5641 


6808 


5974 


6141 


6308 


6474 


361 


6641 


6807 


6973 


7189 


.306 


7473 


7638 


7804 


7970 


8136 


363 


8801 


8467 


8633 


8798 


8064 


9129 


9295 


9460 


9625 


9791 


363 


9966 


.121 


.886 


.461 


.616 


.781 


.945 


1110 


1275 


1439 


364 


431604 


1788 


1933 


'i097 


2361 


2436 


2590 


3764 


2918 


3063 


366 


8346 


8410 


8574 


8787 


3901 


4065 


4228 


4393 


4555 


471S 


366 


4883 


5045 


5206 


6871 


o634 


5697 


5860 


6023 


6186 


634d 


367 


6611 


6674 


6836 


6999 


7161 


7324 


7486 


7648 


7811 


7973 


368 


8136 


8297 


8459 


8621 


8783 


8944 


9106 


9368 


9429 


9591 


369 


9763 


9914 


..75 


.336 


.398 


.559 


.730 


.881 


1043 


1203 


370 


481864 


1535 


1686 


1846 


2007 


2167 


3338 


3488 


3649 


3809 


371 


3969 


3130 


8390 


3450 


3610 


3770 


3930 


4090 


42^ 


4409 


373 


4669 


4739 


4888 


5048 


5207 


5367 


5626 


5686 


6844 


6004 


378 


6163 


6333 


6481 


6640 


6800 


6957 


7116 


7275 


7433 


7593 


374 


7761 


7909 


8067 


8336 


8384 
158 


8543 


8701 


8859 


9017 


9175 


376 


0883 


9491 


9648 


9806 


9964 


.133 


.379 


.437 


.694 


.753 


376 


440909 


1066 


1334 


1881 


1638 


1695 


1852 


3009 


2166 


1323 


377 


3480 


3637 


2793 


3950 


3106 


8363 


3419 


3576 


3732 


3889 


378 


4045 


4201 


4357 


4518 


4669 


4825 


4961 


5137 


5293 


5449 


379 


5604 


6760 


5915 


6071 


6326 


6882 


6587 


6693 


6848 


7003 


380 


7168 


7313 


7468 


7638 


7778 


7933 


8088 


82^ 


8397 


8553 


381 


8706 


8861 


9015 


9170 


9324 


9478 


9638 


9787 


9941 


..95 


383 


460349 


0403 


0557 


0711 


0865 


1018 


1172 


1326 


1479 


1633 


383 


1786 


1940 


2093 


3347 


3400 


3653 


2706 


3859 


3012 


3166 


384 


8318 


3471 


3624 


8777 


8980 


4063 


4385 


4387 


4540 


4693 


386 


4846 


4997 


6150 


6303 


5454 


5606 


5758 


5910 


6063 


6314 


386 


6366 


6618 


6670 


6831 


6973 


7136 


7376 


7428 


7579 


7731 


387 


7883 


8033 


8184 


8336 


8487 


8638 


8789 


8940 


9091 


9243 


388 


9393 


9543 


9694 


9845 


9995 


.146 


.296 


.417 


.597 


.748 


389 


460698 


1048 


1198 


1348 


1499 


1649 


1799 


1948 


3098 


2248 


390 


3398 


3648 


2697 


3847 


3997 


3146 


3296 


3445 


3594 


3744 


391 


3893 


4043 


4191 


4340 


4490 


4639 


4788 


4936 


6095 


5234 


393 


6883 


6633 


5680 


5829 


5977 


6126 


6274 


6423 


6571 


6719 


393 


6868 


7016 


7164 


7312 


7460 


7608 


7756 


7904 


8053 


8200 


394 


8847 


8495 


S643 


8790 


8938 
147 


9085 


9233 


9380 


9637 


9675 


395 


9833 


9969 


.116 


.363 


.410 


.557 


.704 


.851 


.998 


1145 


396 


471393 


1438 


1585 


1733 


1878 


2025 


2171 


2318 


1:464 


2610 1 


397 


3756 


1^903 


3049 


8195 


3341 


3487 


3633 


3779 


3925 


4071 1 


398 


4216 


4363 


4608 


4668 


4799 


4944 


5090 


5235 


5381 


5526 1 


899 




5671 


6816 


5962 


6107 


6363 


6397 


6543 


6687 


6833 


6976 1 



OF NUMBERd. 



800 
901 

SOS 
808 



806 
806 
807 
806 
809 

810 
811 
813 
818 
814 

816 
816 
817 
818 
810 

890 
831 
833 
833 
834 

836 
836 
837 



830 
831 
833 
333 
834 

836 

336 
337 



340 
341 
343 
343 
844 

346 

346 
347 
348 
840 



*ni3i 

8866 

480007 
1443 
3874 



6731 
7188 
8661 



481863 
3760 
4166 
6644 



7366 
8711 
0161 
1686 
8016 

4443 
6868 

7380 
8603 
..80 

1609 
3000 
4304 
6688 



7411 
8866 

0394 
1739 
8160 



7666 



0488 
1873 



7700 
9148 



6006 
7431 



8811 
9687 
601069 
3^7 
8791 

6160 
6606 
7866 
9308 
610646 

1888 
8318 
4648 
6874 
7196 

"^8614 



8448 
9834 
1196 
3664 
8937 



1643 
8040 
4488 

6633 
7306 

8686 



4737 
6147 
7668 
8874 



1783 
3179 
4673 



9016 

8446 

148 

4869 



7704 
9114 



1993 

8819 
4711 



1883 
3700 



7991 
9887 
0679 

3017 
8361 
4681 
6006 
7838 



631138 
3444 
3746 

6046 
6839 
7630 
8817 
680300 

1479 
3764 
4086 
6394 

6668 

7819 

9076 

640339 

1579 



8646 
9969 
1369 
3676 
3876 

6174 
6469 
7769 
9046 
0838 



6431 
6776 
8136 
9471 
0813 

3161 
8484 
4813 
6189 
7460 

8777 
..90 
1400 
3706 
4006 



6698 
7888 
9174 
0466 



7844 

8734 
..99 
1470 
3887 
4190 

6667 

6911 



7488 



7844 
9387 
0736 
3169 
8687 

6011 
6480 
7846 
9366 
.661 



84B6 
4860 



7031 



9606 
0047 



1607 



4163 
5431 






7946 
9903 
0456 
1704 
3860 



1734 
3000 
4360 
6647 
6811 

8071 
9337 
0680 
1839 
3074 



8617 
4846 
6371 
7693 

8809 
.331 
1630 
3886 
4186 

6484 

6737 
8016 
9803 
0664 

1863 
8136 
4407 
6674 
6937 

8197 
9463 
0705 
1953 
3199 



.386 
1607 
3878 
4886 



7046 
8896 
9740 
1081 
184 
3418 
8760 
6079 
6408 
7734 

9040 
.868 
1661 
8966 



.874 
1744 
3109 
4471 



7181 
8630 
9674 
1315 

3661 



6668 



5311 
6636 
7866 

9171 
.464 
1793 
8096 
4896 

6698 



7989 
9481 
0669 
3303 
8780 

6168 
6673 
7986 
9896 
.801 

3301 
8687 
4089 
6876 
7760 

9187 
.511 
1880 
3346 
4607 

6964 
7316 
8664 
...9 
1349 

3684 
401u 
5344 



7967 

9803 
.615 
1933 
8396 
4636 



8188 
9676 
1013 
3446 
8673 

6396 
6714 
8137 
9687 
.941 

3841 
3787 
6138 
6515 
7897 

9375 
.648 
2017 
8383 
4743 

6093 
7461 
8799 
.143 
1483 

9818 
4149 
6476 
6800 
8119 

9434 
.746 
9063 
3366 



8378 
9719 
1166 



4016 

6437 
6865 



8146 
9430 
0719 

1960 
3964 
4534 
5800 
7060 
129 



9678 
0630 
3078 
3393 



8974 
9569 
0640 

9117 
3391 
4661 
5997 
7189 

8448 
9703 
0955 
9903 
3447 



7114 
8409 
9687 
0968 

9946 
3618 
4787 
6053 
7315 

8674 
9699 
1060 
2327 
36U 



6961 
7948 
8631 
9616 
1096 

9879 
3645 
4914 
6180 
7441 



9954 
1205 
2462 
3696 



9667 
1061 

9481 
8876 
5967 
6663 
8086 

9413 

.786 
9154 
8518 
1878 

6331 
758b 
8934 
.3/7 
1616 

9951 
4889 
5609 
6939 
8961 



.876 
9183 
3486 
4786 

6081 
7879 



8439 
9868 
1999 
3731 
4167 

6679 
0997 
8410 
9616 
1333 

3831 
4016 
5406 
6791 
8178 

9660 
.993 
3991 
3666 
6014 

6870 
7791 
9008 
.411 
1/50 

8084 
4414 
5741 
7064 



9943 



9500 
3779 
5041 
6306 
/567 



..79 
1330 
2676 
36U0 



9697 
1007 
9314 
8616 
4916 

6910 
7501 
8788 
..79 
1S61 

2097 
3899 
5167 
6439 
7693 

8951 
.904 
1454 
2/01 
3iHk4 



8 


LOGARITHMS 


N. 





1 


3 


8 


4 


6 


6 7 


8 


9 


860 


644068 


4193 


4316 


4440 


4664 


4688 


4818 


4936 


6060 


6188 


861 


6807 


6431 


6566 


6678 


6806 


6926 


6049 


6173 


6296 


6419 


869 


6648 


6666 


6789 


6918 


7036 


7169 


7383 


7406 


7629 


7663 


863 


7776 


7898 


8021 


8144 


8267 


8389 


8513 


8635 


8758 


8881 


364 


9003 


9136 


9249 


9871 


9494 

122 

0717 


9616 


9739 


9661 


9984 


.196 


366 


660228 


0361 


0473 


0696 


0840 


0963 


1084 


1206 


1338 


866 


1460 


1673 


1694 


1816 


1938 


2060 


3181 


3303 


2425 


3647 


367 


2668 


3790 


2911 


3033 


3156 


3276 


3393 


3519 


3G40 


3763 


368 


8883 


4004 


4126 


4347 


4368* 


4489 


4610 


4731 


4852 


4973 


369 


6094 


6316 


5346 


6467 


6678 


6699 


6820 


6940 


6061 


6183 


360 


6303 


G4S3 


6644 


6664 


6786 


6906 


7026 


7146 


7267 


7387 


301 


7607 


7b37 


7748 


7868 


7988 


8108 


8228 


8349 


8469 


8689 


3U2 


8709 


8829 


8948 


9068 


9188 


9308 


9428 


9648 


9667 


9787 


8o3 


9907 


36 


.146 


.366 


.385 


.504 


.624 


.743 


.863 


.983 


864 


661101 


1^31 


1840 


1469 


1678 


1696 


1817 


1936 


2066 


3178 


866 


S298 


3413 


3681 


3660 


3769 


3887 


8006 


8136 


8344 


8863 


866 


8481 


3600 


3718 


8837 


8966 


4074 


4192 


4311 


4439 


4648 


867 


4666 


4784 


4903 


6031 


6189 


6367 


6376 


6494 


6613 


6730 


868 


6848 


6966 


6084 


6303 


6330 


6437 


6656 


6678 


6791 


6909 


869 


7036 


7144 


7363 


7879 


7497 


7614 


7783 


7849 


7967 


8064 


870 


8303 


8819 


8436 


8664 


8671 


8788 


8905 


9033 


9140 


9257 


371 


9874 


9491 


9608 


9736 


9883 


9969 


..76 


.193 


.309 


.436 


873 


670648 


0660 


0776 


0898 


1010 


1136 


1243 


1369 


1476 


1692 


873 


1709 


1826 


1943 


3068 


3174 


3391 


2407 


2623 


2639 


2766 


874 


9873 


3968 


8104 


3330 


3836 

116 

4494 


3463 


3568 


3684 


3800 


1915 


876 


4081 


4147 


4363 


4879 


4610 


4736 


4841 


4967 


6073 


876 


6188 


6303 


6419 


6634 


6660 


6766 


5880 


6996 


6111 


6326 


877 


6341 


6467 


6673 


6687 


6803 


6917 


7082 


7147 


7262 


7377 


878 


7493 


7607 


7733 


7836 


7961 


8066 


8181 


8296 


8410 


8625 


879 


8639 


8764 


8868 


8983 


9097 


9313 


9326 


9441 


9666 


9669 


880 


9784 


9896 


..13 


.136 


.341 


.866 


.469 


.683 


.697 


.811 


381 


680926 


1039 


1163 


1367 


1381 


1496 


1608 


1722 


1836 


196f 


883 


3063 


2177 


2291 


3404 


3618 


2631 


2745 


2868 


2972 


3086 


383 


8199 


3313 


3426 


8639 


3653 


3766 


3879 


3992 


4105 


4218 


384 


4831 


4444 


4667 


4670 


4783 


4896 


6009 


6123 


6236 


6348 


886 


6461 


6674 


6686 


6799 


6913 


6034 


6187 


6360 


6363 


6476 


386 


6687 


6700 


6813 


6936 


7037 


7149 


7262 


7374 


7486 


7699 


387 


7711 


7833 


7935 


8047 


8160 


8373 


8384 


8496 


8608 


8720 


388 


8833 


8944 


9056 


9167 


9379 


9391 


9603 


9616 


9726 


9834 


389 


9960 


..61 


.178 


.284 


.396 


.607 


.619 


.730 


.842 


.958 


890 


691066 


1176 


1387 


1399 


1510 


1631 


1732 


1843 


1956 


2066 


391 


3177 


3388 


3399 


2610 


2621 


3733 


2843 


2964 


3064 


3176 


393 


3286 


3397 


8608 


3618 


3729 


3840 


3950 


4061 


4171 


4283 


393 


4393 


4603 


4614 


4724 


4834 


4946 


5065 


6166 


5276 


6386 


394 


6496 


6606 


6717 


6827 


6937 

110 

7087 


6047 


6167 


6267 


6877 


6487 


896 


6597 


6707 


68i7 


6927 


7146 


7256 


7366 


7476 


7686 


396 


7695 


7806 


7914 


8024 


8134 


8243 


8363 


8462 


8672 


8681 


397 


8791 


8900 


9009 


9119 


9228 


i.337 


9446 


;556 


9666 


9774 


898 


9883 


9993 


.101 


.210 


.319 


.428 


.537 


.646 


756 


.864 


899 


600978 


1063 


1191 


1299 


1406 


1617 


1626 


1734 


1848 


1961 



OF NU^MBERS. 9 


N. 





1 


3 


3 


4 


6 


6 


7 


8 


9 


400 


603060 


3169 


3377 


3386 


3494 


3603 


3711 


3819 


3938 


3036 


401 


3144 


3363 


8361 


3469 


8573 


3686 


3794 


8903 


4010 


4118 


403 


4336 


4334 


4443 


4660 


4658 


4766 


4874 


4963 


6089 


5197 


403 


6305 


6413 


6531 


6638 


6736 


5844 


6961 


6059 


6166 


6374 


404 


6381 


6489 


6596 


6704 


6811 

108 

7884 


6919 


7036 


7133 


7341 


7348 


406 


7456 


7663 


7669 


7777 


7991 


8098 


8305 


8313 


8419 


406 


8636 


8633 


8740 


8847 


8954 


9061 


9167 


9374 


9381 


9488 


407 


9694 


9701 


9808 


9914 


..31 


.138 


.334 


.841 


.447 


.654 


406 


610660 


0767 


0873 


0979, 


1086 


1193 


1398 


1405 


1611 


1617 


400 


1733 


1839 


1936 


3043 


3148 


3354 


3860 


3466 


3673 


3678 


410 


9784 


3890 


3996 


3103 


8307 


3818 


8419 


3536 


3630 


3736 


411 


3843 


3947 


4063 


4159 


4364 


4370 


4476 


4681 


4686 


4793 


413 


4897 


6003 


6108 


5313 


6319 


5434 


6639 


5684 


5740 


6846 


418 


6950 


6066 


6160 


6365 


6370 


6476 


6681 


6686 


6790 


6896 


414 


7000 


7105 


7310 


7315 


7430 


7635 


7639 


7784 


7839 


7948 


415 


8048 


8153 


8357 


8863 


8466 


8671 


8676 


8780 


8884 


8989 


416 


9393 


9196 


9303 


9406 


9511 


9615 


9719 


9834 


9938 


..83 


417 


630136 


0140 


0344 


0448 


0663 


0656 


0760 


0664 


0968 


1073 


418 


1176 


1380 


1384 


1488 


1693 


1696 


1799 


1908 


3007 


3110 


419 


3314 


3318 


3431 


3536 


3638 


3733 


3835 


3939 


3043 


8146 


430 


3349 


8863 


3456 


8669 


3663 


3766 


3869 


3973 


4076 


4179 


431 


4383 


4385 


4488 


4591 


4695 


4798 


4901 


6004 


6107 


5310 


433 


6313 


6415 


6518 


6631 


6734 


6837 


6939 


6033 


6136 


6338 


433 


6340 


6443 


6546 


6648 


6761 


6853 


6956 


7058 


7161 


7263 


434 


7366 


7468 


7671 


7673 


7775 
108 


7878 


7980 


8063 


8185 


8287 


426 


8389 


8491 


8593 


8696 


8797 


8900 


9003 


9104 


9306 


9806 


436 


9410 


9613 


9613 


9716 


9817 


9919 


..31 


.133 


.334 


.336 


437 


680438 


0630 


0681 


0733 


0835 


0936 


1038 


1139 


1241 


1343 


438 


1444 


1545 


1647 


1748 


1849 


1961 


3063 


3153 


3355 


3366 


439 


3457 


3569 


3660 


3761 


3863 


3963 


3064 


3165 


3366 


3367 


430 


8468 


3669 


8670 


3771 


3873 


3973 


4074 


4175 


4376 


4376 


431 


4477 


4578 


4679 


4779 


4880 


4981 


5061 


5182 


5283 


6383 


433 


6484 


5584 


5685 


6785 


5886 


6986 


6087 


6187 


6287 


6388 


433 


6489 


6688 


6688 


6789 


6889 


6989 


7089 


7189 


7290 


7390 


484 


7490 


7690 


7690 


779(J 


7890 


7990 


8090 


8190 


8390 


8389 


486 


8489 


8589 


8689 


8789 


8888 


8988 


9068 


9188 


9287 


9387 


486 


9486 


9686 


9686 


9786 


9885 


9984 


..84 


,183 


.383 


.383 


487 


640481 


0581 


0680 


0779 


0879 


0978 


1077 


1177 


1276 


1875 


488 


1474 


1673 


1673 


1771 


1871 


1970 


2099 


3168 


2267 


2366 


439 


3465 


3663 


3663 


3761 


3860 


3969 


3058 


3166 


3266 


3364 


440 


3463 


3651 


3650 


3749 


3847 


3946 


4044 


4143 


4242 


4340 


441 


4439 


4687 


4636 


4734 


4833 


4931 


5029 


5127 


6226 


5324 


443 


6433 


5531 


.6619 


5717 


6815 


6913 


6011 


6110 


C208 


G306 


443 


6404 


6503 


6600 


6698 


6796 


6894 


6992 


70:i9 


71«7 


7285 


444 


7383 


7481 


7679 


7676 


7774 

98 

8760 


7873 


7969 


8067 


8165 


8262 


446 


8360 


8468 


8565 


8653 


8848 


8946 


9043 


9140 


9237 


446 


9836 


9433 


9580 


9637 


9734 


9831 


9919 


..Id 


.113 


.210 


447 


660806 


0405 


0503 


0599 


0696 


0793 


0890 


0987 


10S4 


1181 


448 


1378 


1376 


1473 


1669 


1666 


1763 


1859 


losrt 


•2053 


2150 


449 


3346 


3343 


3440 


3530 


3633 


3780 


3836 


3933 


8019 


3116 



10 



L0OAKITHM8 



460 
461 
463 
463 
464 

466 
466 

467 
468 
469 

400 

461 

46a 

469 



466 
467 
468 



470 
471 
473 
473 

474 

476 
476 

477 
478 
479 

480 
481 
483 
489 
4B4 



486 

487 
488 
480 

490 
481 
493 
493 
494 



496 
497 
498 



668313 
4177 
6188 
6096 
7066 

8011 
8966 
9916 
660666 
1813 

3768 
8701 
4643 
6681 
6618 

7468 



9817 

670341 

1178 



9631 



4861 

6778 



7607 
8618 



1341 
3146 
8047 
9947 

4864 

6743 
6686 
7639 
8430 
9309 

690196 
1061 
1966 
3847 
3737 

4606 



7339 
8101 



3309 
4373 
6236 
6194 
7163 

8107 
9060 
..11 
0960 
1907 

3863 
8796 
4736 
6676 
6613 

7646 
8479 
9410 
0339 
1366 

3190 
8113 
4034 
4963 
6870 

6786 
7696 
8609 
9619 
0436 

1333 



3187 
4037 



6831 
6736 
7618 
8609 



1170 
3068 
3936 
3816 

4683 
6669 
6444 
7317 
8188 



3 



3406 
4369 
6331 
6390 
7247 



9156 
.106 
1065 
3003 

3947 



4830 
6769 
6706 

7640 
6673 
9603 
0431 
1368 



8306 
4136 
6046 
6963 

6876 
7789 
8700 
9610 
0617 

1433 
3336 
3337 
4137 
6036 

6031 
6816 
7707 
8696 
9486 

0378 
1368 
3143 
8033 
3903 

4781 
6667 
6631 
7404 
8376 



8603 

4466 
5437 



7343 



93:>0 
.301 
1150 
30^6 

3041 
3983 
49^ 
6863 
6799 

7733 



9696 
0534 
1461 

3376 
3387 
4318 
6137 
6063 



7881 
8791 
9700 
0607 

1613 
3416 
3317 
4317 
6114 

6010 
6904 
7796 
8687 
9676 

0063 
1847 
3330 
3111 
3991 



6744 
6618 
7491 



8598 
^3 
6636 

6483 

7438 

96 



9346 
.296 
1345 
3191 

3136 
4078 
6018 
6966 
6893 

7836 

8769 
9689 
0617 
1648 

3467 
8390 
4310 
6338 
6146 

n 

7069 
7973 



9791 
0698 

1608 
3606 
3407 
4307 
6304 

610O 
6994 
7886 
8776 
9664 



0660 
1436 
3318 
3199 
4078 
88 
4866 
6833 
6706 
7578 
8449 



3696 

4658 
5619 
6577 
7534 

8488 
-j441 
.391 
1339 
22^ 



3330 
4173 
6113 
6060 



,7930 



9783 
0710 
1636 

3660 
3483 
4403 
6330 



7151 
8069 
8973 



0789 

1693 
3606 
3487 
4396 
6394 

6189 
7068 
7976 



3791 
4754 

5715 
6673 
7629 

6584 
j/536 
.486 
1434 
2360 

3334 
4366 
5306 
$143 
7079 

8019 
8946 
9875 
g603 
1738 



8674 
4494 
6413 



7343 
8164 
9064 
097$ 
9679 

1784 



9763 

0639 
1634 
3406 
8387 
4166 

5044 
6919 
6793 
7666 

8536 



366t 
4486 
6383 

6379 
7173 
8064 
8953 
9841 

0738 
1613 
3494 
3376 

4364 

6131 
6007 



7763 



4850 
6810 
6769 
7726 

8679 
9631 
.581 
1529 
2475 

3418 
4360 
5299 
6337 
7173 

8109 
9088 
9967 
0696 
1831 

3744 



4686 
6503 
6419 

7383 
8346 
916JS 
..63 
0970 

1874 
3777 
3677 
4676 
6473 



7361 
8153 
9043 



0616 
1700 
3583 
3463 
4343 

6310 
6094 
6968 
7839 
8709 



8 



3984 
4946 
5906 
6864 
7820 

8774 
9726 
.676 
1623 
2569 



3613 

4454 



7366 

8199 
9131 
..60 



1918 



3886 
8768 
4677 
6696 
6511 



7434 



.154 
1060 

^ 

3767 
4i666 
6563 

6468 
7351 
8343 
9131 
..19 

0006 
1769 
3671 
3551 
4430 

6307 
6183 
7065 
7936 
8796 



9 



4080 
6043 
6003 
6960 
7916 

8870 
9821 
.771 
1716 
36^ 



54$7 
6434 
7360 

8^ 
9^ 
.169 
1060 
3006 

3839 

8860 
4760 
6687 



7616 
8437 
9837 
.346 
1161 



39^7 
3667 
4766 
6663 

6647 
7440 
8831 
9830 
.107 

0993 
1877 
3769 
8639 
4617 

6894 
6269 
7143 
8014 



OF NUMBERS. 11 


N. 





I 


3 


8 


4 


6 


6 


7 


8 


9 


600 


698970 


9067 


9144 


9381 


9317 


9404 


9491 


9678 


9664 


9751 


601 


9838 


9924 


.11 


..98 


.184 


.371 


.868 


.444 


.631 


.617 


603 


700704 


0790 


0877 


0968 


1060 


1186 


1233 


1309 


1396 


1482 


603 


1668 


1664 


1741 


1837 


1913 


1999 


3066 


3173 


3368 


3844 


604 


3431 


3617 


3603 


3689 


3776 
86 

8686 


2861 


3947 


8088 


8119 


3205 


606 


8291 


8377 


8468 


8649 


8721 


8807 


8895 


8979 


4066 


606 


4161 


«236 


4822 


4406 


4494 


4679 


4665 


4761 


4837 


4922 


607 


6006 


6094 


6179 


6266 


5860 


6436 


6633 


6607 


6698 


5778 


608 


6864 


5949 


6085 


6130 


6306 


6391 


6876 


6463* 


6547 


6632 


609 


6718 


6803 


6888 


6974 


7069 


7144 


7229 


7315 


7400 


7485 


610 


7670 


7655 


7740 


7836 


7910 


7996 


8081 


8166 


8251 


8336 


611 


8431 


8606 


8691 


8676 


8761 


8846 


8931 


9016 


9100 


9185 


612 


9270 


9365 


9440 


9534 


9609 


9694 


9)79 


9863 


9948 


.33 


613 


710117 


0302 


0387 


0371 


0466 


0540 


0636 


0710 


0794 


0879 


614 


0963 


1048 


1183 


1317 


1301 


1386 


1470 


1564 


1639 


1723 


616 


1807 


1892 


1976 


3060 


3144 


3329 


3318 


3397 


3481 


2666 


616 


2660 


2734 


3818 


3903 


3986 


3070 


3154 


3238 


3336 


3407 


617 


3491 


3576 


3669 


3743 


3836 


3910 


3994 


4078 


4163 


4346 


618 


4330 


4414 


4497 


4581 


4666 


4749 


4833 


4916 


6000 


5084 


619 


6167 


5251 


5336 


5418 


5503 


5686 


5669 


6753 


6886 


6930 


630 


6003 


6087 


6170 


6354 


6387 


6421 


6604 


6688 


6671 


6764 


621 


6838 


6931 


7004 


7088 


7171 


7264 


7838 


7421 


7604 


7587 


622 


7671 


7764 


7837 


7920 


8003 


8086 


8169 


8253 


8336 


8419 


623 


8502 


8585 


QPAfi 
ODOO 


8761 


8884 


8917 


9000 


9083 


9165 


9348 


624 


9831 


9414 


9497 


9580 


9668 

82 

0490 


9745 


9838 


9911 


9994 


..77 


626 


720169 


0343 


0336 


0407 


0673 


0656 


0738 


0631 


0903 


626 


0986 


1068 


1151 


1233 


1816 


1398 


1481 


1563 


1646 


1738 


627 


1811 


1898 


.976 


3068 


2140 


2222 


2305 


2387 


2469 


3663 


628 


2684 


2716 


3798 


3881 


3963 


8046 


3137 


3209 


3391 


3374 


629 


8466 


3538 


3630 


3703 


3784 


3866 


3948 


4030 


4113 


4194 


630 


4276 


4368 


4440 


4633 


4604 


4686 


4767 


4849 


4931 


6013 


631 


5096 


5176 


6268 


5340 


5433 


6503 


6685 


6667 


6748 


6830 


532 


6913 


6993 


6076 


6166 


6338 


6330 


6401 


6483 


6664 


6646 


633 


6727 


6809 


6890 


6973 


7053 


7134 


7316 


7297 


7379 


7460 


534 


7541 


7623 


7704 


7785 


7866 


7948 


8029 


8110 


8191 


8278 


635 


8864 


8436 


8616 


8697 


8678 


8759 


8841 


8933 


9003 


9084 


636 


9166 


9246 


9337 


9403 


9489 


9670 


9651 


9733 


9813 


9893 


537 


9974 


..55 


.136 


.317 


.398 


.378 


.469 


.440 


.631 


.703 


538 


730783 


0863 


0944 


1034 


1105 


1186 


1266 


1347 


1438 


1608 


539 


1689 


1669 


1750 


1830 


1911 


1991 


2072 


3163 


2233 


3313 


540 


2394 


2474 


3665 


3636 


3715 


3796 


3876 


3956 


3037 


3117 


641 


8197 


3278 


3368 


3438 


3518 


3598 


3679 


3759 


3839 


8919 


542 


3999 


4079 


4160 


4240 


4330 


4400 


4480 


4660 


4640 


4720 


643 


4800 


4S80 


4960 


5040 


6130 


6200 


5379 


6359 


6439 


6519 


644 


5599 


5679 


6769 


6838 


6918 

80 

6716 


6998 


6078 


6167 


6237 


6817 


646 


6397 


6476 


6656 


6686 


6795 


6874 


6964 


7034 


7118 


646 


7193 


7272 


7353 


7431 


7611 


7590 


7670 


7749 


7839 


7908 


547 


7987 


8067 


8146 


8336 


8306 


8384 


8468 


8543 


8633 


8701 


648 


8781 


8860 


8939 


9018 


9097 


9177 


9356 


9336 


9414 


9493 


649 


9572 


9661 


9731 


9810 


9889 


9968 


..47 


.136 


.306 


.284 



17 



ssssssssammmrssssssB 
LOGAXITHMft 



19 



N. 



660 
661 
663 
663 
664 

666 
666 

667 
668 

66e 

660 
661 
663 
668 
664 

666 
666 

667 
668 
660 

670 
671 
673 
678 
674 

676 
676 
677 

678 
679 

680 
681 
683 
688 
684 

686 

686 

687 
688 



690 
691 
693 
698 
694 

696 
696 
697 
698 
609 



1163 
1989 
8736 
8610 



6076 
6866 

6684 
7413 

8188 
8968 
9786 
760608 
1379 

9048 
8816 
8683 
4848 
6113 

6676 
6686 
7396 
8166 
8913 



760483 
1176 
1988 
2679 

8488 
4176 
4938 
6669 
6413 

7166 
7898 



9377 
770116 



1687 
3333 
8066 
8786 

4617 
6846 
6974 
6701 
7487 



0448 
1380 
8018 
9804 
8668 

4871 
6168 
6088 
6713 
7489 



9040 
9614 
0686 
1866 

3136 
8898 
8660 
4436 
6189 

6061 
6713 
7473 
8880 



9748 
0498 
1361 
8008 
3764 

8608 
4361 
4898 
6748 
6487 

7380 
7973 
8713 
9461 
0189 

0096 
1661 
8396 
3138 



4690 
6819 
6047 
6774 
7499 



0681 
1809 
9096 



8667 



6881 
6011 
6790 
7667 

8848 
9118 
9891 
0668 
1488 



8970 
8786 
4601 
6866 



6037 
6788 
7648 
8306 
9068 

9619 
0573 
1336 
3078 



3678 
4336 
5073 
6818 
6663 

7304 
8046 
8786 
9626 
0363 

0099 
1734 
8468 
8301 



4668 
6393 
6130 
6846 
7678 



1888 
3176 
8061 
8746 

4688 
6309 
6089 



7646 

8481 
9196 
9968 
0740 
1610 

8379 
8047 
3818 
467% 
6841 

6108 
6864 
7634 
8888 
9189 



0649 
1403 
3153 

2904 



3658 
4400 
5147 
5893 



7879 
8130 
8860 



1073 
1808 
3643 
3374 
4006 

4736 

6466 
6193 
6919 
7644 



0678 
1467 
9364 
8039 



79 



6887 
6167 
6946 
7733 

8486 
9373 
..46 
0617 
1687 

8866 
8188 



4664 
6417 

6180 
6940 
7700 
8468 
9314 
74 
9970 
0734 
1477 



3978 

3727 

4476 
5221 



6710 

7468 
8194 



9678 
0410 

1146 
1881 
2615 
3348 
4079 
73 

4809 
6538 
6866 



7717 



0767 
1646 



8118 
8908 

4684 
6466 

6845 
7038 
7800 

8676 
9860 
.188 
0694 
1664 

3488 
8300 
3966 
4730 
6494 



7016 
7775 
8683 
9990 

..46 
0799 
1653 
2303 
8053 



4550 
5296 
6041 
6785 

7637 



9008 
9746 
0484 

1330 
1955 
2688 
3421 
4153 



6610 
6388 
7064 
7789 



0886 
1624 
3411 
8196 
8860 

4763 
6643 



7101 

7878 



8668 

9437 
.300 
0971 
1741 



3277 
4048 
4807 
6670 

6888 
7093 
7861 



.131 

0875 
1627 
2378 
3128 

3877 
4624 
5370 
6115 



7601 
8342 
9082 
9620 
0557 

1298 
2038 
3763 
3494 
4225 

4966 



6411 
7137 
7868 



0616 
1708 
3489 
8376 

4068 

4840 
6631 
6401 
7179 
7966 

8781 
9604 
.877 
1048 
1818 



3353 
4119 



6646 

6406 
7168 
7937 
8686 
9441 

.196 
0950 
1702 
2453 
2203 

3953 
4699 
6446 
6190 
6933 

7676 

8416 
9166 
9694 
0631 

1367 
2102 
2836 
3667 
4298 

6038 
5766 
6483 
7209 
7934 



8 



0994 
1783 

3668 
3363 
4130 

4019 
6699 

6479 
7366 
8038 



.864 
1136 
1896 



3668 
3430 
4196 
4960 
6738 



6484 
7344 
8003 
8761 
9617 

.373 
1026 
1778 
2529 
3278 

4027 
4774 
5620 
6264 
7007 

7749 
8490 
9230 
9968 
0705 

1440 
2175 
2906 
3640 
4371 

6100 



6066 
7282 
8006 



1073 
i860 
%46 
3431 
4^16 

4tm 

6777 
6666 
7884 
8^10 



9669 
.431 
1303 
1978 

3740 
3506 
4873 
5036 
6799 

6660 
7330 
8079 



9693 

.347 
1101 
1863 
2604 
8353 

4101 

4848 
5694 



7063 

7828 
8664 
9303 
..42 
0778 

1614 
2248. 
2981 
3713 



6178 
6902 
6629 
7354 
8079. 
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OF NUMBSRS. 19 


N. 





1 


3 


8 


4 


5 


6 


7 


8 


9 


600 


718161 


8994 


8896 


8868 


8441 


8618 


8686 


8668 


8790 


8809 


601 


8814 


8947 


9M9 


9001 


9168 


9886 


9608 


9680 


9453 


9684 


60ft 


9686 


6669 


9741 


9818 


9885 


9967 


..39 


.101 


.178 


.345 


608 


780817 


0888 


0461 


0688 


0606 


0677 


0740 


0831 


0898 


0965 


60* 


1067 


1109 


1181 


1358 


1884 

73 

3048 


1896 


1468 


1540 


1613 


1684 


606 


175(J 


1837 


1890 


1971 


9114 


3186 


3868 


3899 


3401 


606 


347S 


3644 


3616 


3688 


3760 


3881 


3903 


3874 


8046 


8117 


607 


8180 


8960 


8883 


8466 


8476 


8546 


8618 


8689 


8761 


8883 


608 


8904 


8975 


4046 


4118 


4189 


4861 


4883 


4406 


4475 


4546 


600 


4617 


4689 


4760 


4881 


4903 


4974 


5045 


5116 


5187 


6360 


610 


6680 


6401 


6473 


6648 


5615 


6686 


5767 


6888 


6899 


6070 


611 


6041 


6113 


6188 


6354 


6836 


6896 


6467 


6688 


6609 


6680 


613 


6761 


6893 


6898 


6964 


7085 


7106 


7177 


7848 


7819 


7890 


618 


7460 


7581 


7603 


7678 


7744 


7815 


7885 


7966 


8087 


8008 


614 


8168 


8389 


8810 


8881 


8451 


8693 


8698 


8668 


8784 


8804 


616 


8876 


8946 


9016 


9087 


9157 


9398 


9399 


9860 


9440 


9510 


616 


9661 


9651 


9733 


9793 


9868 


9988 


...4 


..74 


.144 


.315 


617 


790386 


0866 


0«» 


0466 


0667 


0687 


0707 


0778 


0848 


0018 


618 


0988 


1069 


1139 


1199 


1369 


1840 


1410 


1480 


1560 


1620 


610 


1601 


1761 


1881 


1901 


1971 


3041 


3111 


3181 


8353 


3838 


630 


3803 


3463 


3683 


3603 


3679 


3748 


8813 


3883 


3968 


8088 


631 


8093 


8163 


8381 


8801 


8871 


8441 


8511 


8681 


8651 


8731 


633 


8790 


8860 


8980 


4000 


4070 


4180 


4309 


4879 


4849 


4418 


638 


4488 


4668 


4637 


4697 


4767 


4886 


4806 


4976 


6045 


6115 


634 


6186 


6354 


6834 


5898 


5468 

69 


5583 


6603 


6673 


5741 


6811 


636 


6880 


6949 


6019 


6068 


6168 


6387 


6397 


6866 


6486 


6505 


636 


6674 


6644 


6718 


6783 


6863 


€981 


6990 


7060 


7129 


7198 


637 


7368 


7887 


7406 


7475 


7545 


7614 


7683 


7763 


7821 


7890 


638 


7960 


8039 


8098 


8167 


8386 


8805 


8874 


8448 


8513 


8583 


6S28 


8661 


8730 


8789 


8868 


8937 


8896 


9065 


6134 


9808 


9373 


680 


9841 


9409 


9478 


9547 


9610 


9685 


9754 


9638 


9693 


9961 


681 


800036 


0098 


0167 


0986 


0005 


0678 


0443 


0511 


0680 


0648 


633 


0717 


0786 


0854 


0938 


0903 


1061 


1139 


1198 


1366 


1335 


688 


1404 


1473 


1541 


1609 


1678 


1747 


1815 


1884 


1953 


2021 


684 


3069 


3158 


3936 


8395 


3868 


3483 


3600 


3668 


3637 


2706 


686 


3774 


3843 


3910 


3979 


8047 


8116 


3184 


3353 


3331 


3389 


686 


8467 


8635 


3604 


8663 


8780 


8798 


8867 


3986 


4003 


4071 


687 


4139 


4308 


4376 


4854 


4413 


4480 


4648 


4616 


4686 


4753 


638 


4831 


4889 


4957 


5085 


6093 


6161 


5229 


5997 


6365 


5433 


689 


6601 


6669 


5687 


5705 


5778 


5841 


6908 


5976 


6044 


6113 


640 


6180 


6348 


6816 


6884 


6451 


6519 


6587 


6655 


6733 


6790 


641 


6858 


6936 


6994 


7081 


7139 


7167 


7364 


7833 


7400 


7467 


6^ 


7586 


7606 


7670 


7788 


7806 


7878 


7941 


8008 


8076 


8143 


648 


8311 


8379 


8846 


8414 


8^1 


8549 


8616 


8684 


8751 


8818 


644 


8886 


8968 


9031 


9088 


9156 


9338 


9390 


9858 


9435 


9493 


646 


9660 


9637 


9694 


9763 


9839 


9696 


9964 


..81 


..98 


.165 


646 


810386 


0300 


0867 


0484 


0601 


0666 


0686 


0703 


0770 


0687 


647 


0904 


0071 


1009 


1106 


1178 


1340 


1307 


1374 


1441 


1508 


648 


1676 


1643 


1709 


1776 


1843 


1910 


1977 


2044 


2111 


3178 


649 


3346 


3813 


3879 


3445 


3513 


3679 


9646 


3713 


8780 


3847 



14 


LOGARITHMS 11 


N. 





I 


3 


3 


4 


6 


6 


7 


8 


» 


660 


813918 


2980 


8047 


3114 


3181 


3247 


3814 


3881 


3448 3514 || 


661 


8681 


8648 


8714 


8781 


3848 


8914 


3981 


4048 


4114 


4181 


663 


4248 


4314 


4381 


4447 


4614 


4681 


4647 


4714 


4780 


4847 


668 


4813 


4880 


6046 


6118 


6179 


5346 


5312' 


5378 


5446 


65U 


664 


6678 


6644 


6711 


6777 


6848 

67 

6606 


6910 


6976 


6043 


6109 


6176 


666 


6341 


6306 


6374 


6440 


6678 


6639 


6706 


6771 


6838 


666 


6904 


6970 


7036 


7103 


7169 


7233 


7301 


7367 


7433 


7499 


667 


7666 


7681 


7608 


7764 


7830 


7896 


7962 


8028 


8094 


8160 


668 


8226 


8292 


8368 


8424 


8490 


8656 


8622 


8688 


8764 


8820 


669 


8886 


8961 


9017 


9083 


9149 


9315 


9281 


9346 


9412 


9478 


660 


9644 


9610 


9676 


9741 


9607 


9878 


9939 


...4 


..70 


.136 


661 


830201 


0267 


0833 


0399 


0464 


0530 


0596 


0661 


0727 


0792 


662 


0868 


0924 


0989 


1066 


1120 


1186 


1251 


1317 


1382 


1448 


663 


1614 


1679 


1646 


1710 


1775 


1841 


1906 


1973 


2037 


2103 


664 


2168 


3238 


3399 


2364 


2430 


2496 


2660 


2626 


2691 


2756 


666 


2823 


2887 


3863 


3018 


8063 


8148 


3213 


3279 


3344 


3409 


666 


3474 


3639 


8605 


3670 


3735 


3800 


3866 


3930 


3996 


4061 


667 


. 4126 


4191 


4366 


4321 


4886 


4451 


4516 


4581 


4646 


4711 


668 


4776 


4841 


4906 


4971 


6036 


5101 


6166 


5231 


5296 


5361 


669 


6436 


6491 


6666 


6621 


5686 


5761 


6815 


6880 


5946 


6010 


670 


6076 


6140 


6204 


6369 


6334 


6399 


6464 


6528 


6693 


6658 


671 


6723 


6787 


6852 


6917 


6981 


7046 


7111 


7175 


7240 


7305 


672 


7369 


7434 


7499 


7563 


7628 


7692 


7757 


7821 


7886 


7951 


673 


8015 


8080 


8144 


8209 


6273 


8338 


8402 


8467 


8631 


8595 


674 


8660 


8724 


8788 


8863 


8918 

65 

9661 


8982 


9046 


9111 


9175 


9239 


676 


9304 


9368 


9432 


9497 


9625 


9690 


9764 


9818 


9882 


676 


9947 


..11 


..76 


.139 


.204 


.268 


.332 


.396 


.460 


.526 


677 


830589 


0663 


0717 


0781 


0845 


0909 


0973 


1037 


1102 


1166 


678 


1230 


1294 


1358 


1422 


1486 


1650 


1614 


1678 


1742 


1806 


679 


1870 


1934 


1996 


2062 


2126 


2189 


2258 


2317 


2381 


2445 


680 


2509 


2678 


2637 


2700 


2764 


2828 


2892 


2966 


3020 


3083 


681 


3147 


3211 


8276 


3338 


3402 


3466 


3630 


3593 


3657 


3721 


682 


3784 


3848 


3912 


3976 


4039 


4103 


4166 


4230 


4294 


4367 


683 


4421 


4484 


4548 


4611 


4675 


4739 


4802 


4866 


4929 


4993 


684 


6056 


5120 


5183 


6247 


6310 


5373 


5437 


6500 


5564 


5627 


686 


6691 


5764 


6817 


6881 


6944 


6007 


6071 


6134 


6197 


62C1 


686 


6324 


6387 


6461 


6514 


6577 


6641 


6704 


6767 


6830 


6894 


687 


6957 


7020 


7083 


7146 


7210 


7273 


7336 


7399 


7462 


7626 


688 


7688 


7652 7715 


7778 


7841 


7904 


7967 


8030 


8093 


8166 


689 


8219 


8282 8346 


8406 


8471 


8584 


8597 


8660 


8723 


8786 


690 


8849 


8912 8976 


9038 


9109 


9164 


9227 


9289 


9352 


9415 


691 


9478 


9541 9604 


9667 


9729 


9792 


9855 


9918 


9981 


..43 


692 


840106 


0169 0232 


0294 


0357 


0420 


0482 


0645 


0608 


0671 


693 


0733 


0796 0659 


0921 


0984 


1046 


1109 


1172 


1234 


1297 


694 


1369 


1422 ■ 1486 


1547 


1610 

62 

2236 


1672 


1736 


1797 


1860 


1923 


696 


1985 


2047 2110 


2172 


2397 


3360 


2423 


2484 


3547 


696 


2609 


3673 3734 


2796 


2859 


3931 


3988 


3046 


3108 


3170 


697 


3233 


3295 3357 


3420 


3482 


3644 


3606 


3669 


3731 


3793 


SS 


3856 


3918 3980 


4042 


4104 


4166 


4229 


4291 


4353 


4416 


1 699 


4477 


4539 4601 


4664 


4726 


4788 


4860. 


4912 


4974 


6036 



OF NUMBERS. 1» 


N. 





1 


9 


8 


4 


6 


6 


7 


8 


9 


700 


846008 


6160 


6888 


6864 


8848 


6408 


6470 


6688 


6694 


6668 


701 


6718 


6780 


6648 


6904 


6966 


6088 


6000 


6161 


8818 


8376 


708 


6887 


6899 


6461 


6688 


6686 


6646 


6706 


6770 


6888 


8694 


708 


6966 


7017 


7079 


7141 


7908 


7964 


7886 


7886 


7449 


7511 


704 


7678 


7684 


7676 


7788 


7819 
68 

8486 


1881 


7948 


8004 


8066 


6188 


706 


8180 


8961 


8818 


8874 


8407 


8668 


8680 


8688 


6748 


706 


8806 


8866 


8998 


8069 


9061 


9118 


9174 


9386 


9897 


9858 


707 


9419 


9481 


96«l 


9604 


9666 


9796 


9788 


9640 


9911 


9973 


706 


8600ft8 


0096 


0166 


0817 


0879 


0840 


0401 


0468 


0684 


0585 


700 


(i646 


0707 


0769 


0680 


0691 


0968 


1014 


1075 


1186 


1197 


710 


1388 


1830 


1881 


1448 


1608 


1664 


1696 


1686 


1747 


1809 


711 


1870 


1981 


1998 


8068 


8114 


9176 


9886 


3997 


8868 


3419 


713 


8480 


3641 


3603 


3668 


3734 


9786 


9646 


3907 


8868 


8099 


713 


8000 


8160 


8311 


8878 


8838 


8894 


8466 


3616 


8577 


3687 


714 


8606 


8789 


8880 


8881 


8941 


4008 


4068 


4134 


4186 


4846 


715 


4806 


4867 


44M 


4488 


4649 


4610 


4070 


4781 


4798 


4068 


716 


4918 


4974 


6084 


6086 


6166 


6816 


6877 


6887 


6998 


5469 


717 


6619 


6660 


6640 


6701 


6701 


6889 


6688 


6048 


6008 


6064 


718 


6134 


6166 


6046 


6806 


6866 


6487 


6487 


6648 


6606 


6668 


719 


6739 


6780 


6860 


6910 


6970 


7001 


7091 


7158 


7818 


7378 


790 


7888 


7808 


7468 


7618 


7674 


1684 


7694 


7766 


7616 


7876 


731 


7986 


7996 


8066 


8116 


6176 


8986 


8897 


8867 


8417 


6477 


733 


8687 


6697 


8667 


8718 


8778 


8886 


6606 


8968 


9018 


9076 


738 


9186 


9196 


0968 


9818 


9879 


9489 


9489 


9559 


9619 


9679 


734 


9789 


9799 


9660 


9918 


9978 

60 

0678 


.,88 


,.98 


.158 


.818 


.378 


736 


860888 


0896 


0468 


0618 


0687 


ow 


0757 


0817 


0677 


736 


0987 


0996 


1066 


1116 


1176 


1336 


1906 


1355 


1416 


1476 


737 


1684 


1094 


1664 


1714 


1778 


1888 


1898 


1958 


9018 


3073 


738 


3181 


8191 


3861 


3810 


9870 


9480 


8489 


8549 


8606 


3668 


739 


9738 


3767 


8647 


9906 


3066 


808^ 


8066 


3144 


8904 


8368 


780 


8838 


8868 


8448 


8601 


8661 


•S^ 


8680 


8789 


8799 


*S 


781 


8917 


8977 


4086 


4096 


4a66 


4814 


4874 


4838 


4898 


4468 


783 


4611 


4670 


4680 


4669 


4148 


4808 


4867 


4996 


4866 


6046 


788 


6104 


6168 


6888 


6868 


6341 


6400 


6469 


6519 


6678 


6637 


734 


6606 


6766 


6614 


6874 


6988 


6998 


6061 


6110 


6169 


6838 


786 


8087 


6846 


6406 


6466 


6684 


6668 


0848 


6701 


6760 


6619 


786 


6818 


6987 


6996 


7066 


7114 


7178 


7388 


7391 


7860 


7409 


787 


7467 


7636 


7686 


7644 


7708 


7769 


7831 


7860 


7989 


7996 


788 


8066 


8116 


8174 


8388 


6393 


8850 


6409 


8468 


6537 


6688 


789 


8644 


8708 


8763 


8631 


8879 


6988 


8897 


9056 


9114 


9178 


740 


9883 


9390 


9849 


9406 


9466 


9686 


9684 


9643 


9701 


9760 


741 


9618 


9677 


9986 


9994 


..58 


.111 


.170 


.338 


.387 


.346 


743 


870404 


0463 


0631 


0679 


0688 


0696 


0756 


0618 


0673 


0980 


748 


0069 


1047 


1106 


1164 


1338 


1381 


1839 


1896 


1466 


1516 


744 


1678 


1681 


1690 


1748 


1606 

59 

3869 


1866 


1933 


1981 


3040 


3096 


746 


3166 


3316 


8878 


3881 


3448 


8606 


8664 


3638 


2S1 


746 


3789 


3797 


3666 


3918 


3978 


8060 


3068 


814« 


3904 


8863 


747 


8831 


8379 


8437 


8496 


3563 


8611 


3660 


3737 


3786 


8644 


748 


8908 


8960 


4016 


4076 


4134 


4193 


4360 


4306 


4360 


4484 


749 


4488 


4640 


4606 


4666 


4714 


4778 


4830 


4868 


4946 


6008 
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LOGARITHMS 


N. 





1 


3 


8 


4 


5 


6 


7 


8 


9 


760 


876061 


5119 


6177 


6236 


5293 


5351 


5409 


5466 


6524 


5582 


761 


6640 


6698 


5766 


5813 


6871 


6929 


5987 


6046 


6102 


6160 


762 


6318 


6376 


6333 


6391 


6449 


6607 


6564 


6622 


6680 


6737 


768 


6796 


6853 


6910 


6968 


7026 


7083 


7141 


7199 


7266 


7314 


764 


7371 


7439 


7487 


7544 


7602 

57 

8177 


7659 


7717 


7774 


7832 


7889 


766 


7947 


8004 


8063 


8119 


8234 


8292 


8849 


8407 


8464 


766 


8633 


8679 


8637 


8694 


8762 


8809 


8866 


8924 


8981 


9039 


767 


9096 


9163 


9311 


9268 


9325 


9383 


9440 


9497 


9556 


9612 


768 


smo9 


9726 


9784 


9841 


9696 


9966 


..13 


..70 


.127 


.186 


769 


880343 


0399 


0356 


0413 


0471 


0528 


0580 


0642 


0699 


0756 


760 


0614 


0671 


0938 


0986 


1042 


1099 


1166 


1213 


1271 


1328 


761 


1886 


1443 


1499 


1656'- 


1613 


1670 


1737 


1784 


1841 


1898 


763 


1966 


2012 


3069 


3126 


2183 


2240 


2297 


2354 


2411 


2468 


768 


3636 


2581 


3638 


2695 


2762 


2809 


3866 


2923 


2980 


3037 


764 


8098 


8160 


8207 


8264 


3821 


8377 


3434 


3491 


3548 


3606 


766 


8661 


3718 


3775 


8882 


8888 


8945 


4002 


4059 


4115 


4172 


766 


4339 


4285 


4343 


4899 


4465 


4512 


4669 


4625 


4682 


4739 


767 


4796 


4858 


4909 


4965 


5022 


5078 


5135 


6192 


6248 


6306 


768 


6361 


6418 


5474 


5531 


5587 


6644 


6700 


5757 


5813 


5870 


769 


6936 


5983 


6039 


6096 


6152 


6209 


6265 


6321 


6378 


6434 


770 


6491 


6647 


6604 


6660 


6716 


6778 


6829 


6885 


6942 


6998 


771 


7064 


7111 


7167 


7833 


7280 


7336 


7392 


7449 


7506 


7561 


773 


7617 


7674 


7730 


7786 


7842 


7898 


7965 


8011 


8067 


8123 


778 


8179 


8236 


8393 


8348 


8404 


8460 


8516 


8673 


8629 


865^ 


774 


8741 


8797 


8863 


8909 


8965 

56 

9526 


9021 


9077 


9134 


9190 


9246 


775 


9303 


9368 


9414 


9470 


9682 


9638 


9694 


9750 


9806 


776 


9663 


9918 


0974 


..80 


..86 


.141 


.197 


.253 


.309 


.8ti6 


777 


890431 


0477 


0533 


0589 


0646 


0700 


0766 


0812 


0868 


0924 


778 


0980 


1036 


1091 


1147 


1203 


1259 


1314 


1370 


1426 


1482 


779 


1637 


1598 


1649 


1706 


1760 


1816 


1872 


1928 


1983 


2039 


780 


2096 


2160 


3306 


2262 


2317 


2878 


2429 


2484 


2540 


2595 


781 


3661 


2707 


2762 


3818 


2873 


2929 


2985 


3010 


3096 


3151 


783 


8307 


3262 


8318 


3378 


3429 


8484 


3540 


3595 


3651 


3706 


783 


8763 


8817 


3873 


8928 


3984 


4039 


4094 


4160 


4205 


4261 


784 


4316 


4371 


4437 


4482 


4638 


4698 


4648 


4704 


4759 


4814 


786 


4870 


4926 


4980 


5036 


6091 


6146 


5201 


6267 


5812 


6367 


786 


5438 


5478 


5633 


6588 


5644 


6699 


5754 


6809 


6864 


5930 


787 


5975 


6030 


6086 


6140 


6195 


6251 


6306 


6361 


6416 


6471 


788 


6526 


6681 


6636 


6692 


6747 


6802 


6857 


6912 


6967 


7023 


789 


7077 


7132 


7187 


7242 


7297 


7363 


7407 


7462 


7517 


7573 


790 


7637 


7688 


7737 


7792 


7847 


7902 


7957 


8012 


8067 


8122 


791 


8176 


8231 


8386 


8341 


8896 


8461 


8506 


8561 


8615 


8670 


793 


8736 


8780 


8836 


8890 


8944 


8999 


9054 


9109 


9164 


9218 


793 


9273 


9328 


9383 


9487 


9492 


9647 


9603 


9666 


9711 


9766 


794 


9831 


9876 


9930 


9986 


..89 
55 


..94 


.149 


.203 


.268 


.312 


796 


900367 


0422 


0476 


0631 


0686 


0640 


0696 


0749 


0804 


0659 


796 


0918 


0968 


1022 


1077 


1131 


1186 


1240 


1295 


1849 


1404 


797 


1458 


1513 


1667 


1622 


1676 


1736 


1785 


1840 


i»y4 


1948 


798 


3003 


2067 


2112 


2166 


2221 


2276 


2329 


2384 


2438 


2492 


799 


3547 


2601 


2666 


2710 


2764 


2818 


2873 


2927 


2081 


3036 
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1 


3 


8 


4 


6 


6 


7 


8 


> 


800 


903090 


3144 


3199 


8363 


3307 


3361 


8416 


3470 


3634 


3678 


801 


8633 


3687 


8741 


3796 


3849 


3904 


3958 


4013 


4066 


4120 


803 


4174 


4339 


4383 


4337 


4391 


4446 


4499 


4663 


4607 


4661 


803 


4716 


4770 


4834 


4878 


4933 


4986 


6040 


6094 


6148 


6303 


804 


6366 


6310 


6364 


6418 


6473 

54 

6013 


6536 


6580 


6634 


6688 


6743 


806 


6796 


6860 


6904 


6968 


6066 


6119 


6173 


6337 


6381 


806 


6336 


6389 


6443 


6497 


6561 


6604 


6668 


6713 


6766 


6630 


807 


6^74 


6937 


6981 


7036 


7089 


7148 


7196 


7360 


7304 


7368 


808 


7411 


7466 


7619 


7673 


7636 


7680 


7734 


7787 


7841 


7896 


809 


7949 


8003 


8066 


8110 


8163 


8317 


8370 


8334 


8378 


8481 


810 


8486 


8639 


8693 


8646 


8699 


8763 


8807 


8860 


8914 


8967 


811 


9031 


9074 


9138 


9181 


9336 


9389 


9343 


9396 


9449 


9603 


81S 


9666 


9610 


9663 


9716 


9770 


^33 


9877 


9930 


9964 


..87 


813 


910091 


0144 


0197 


0361 


0304 


0358 


0411 


0464 


0518 


0571 


814 


0634 


0678 


0731 


0784 


0638 


0691 


0944 


0998 


1061 


1104 


816 


1168 


1311 


1364 


1817 


1871 


1434 


1477 


1530 


1584 


1637 


816 


1690 


1743 


1797 


1860 


1903 


1966 


3009 


3063 


3116 


2169 


817 


3333 


3376 


3333 


3381 


3436 


3488 


3641 


2594 


2646 


3700 


818 


3763 


3806 


3869 


3913 


3966 


3019 


3072 


3125 


3178 


3231 


819 


.3384 


3337 


3390 


3443 


3496 


3649 


3603 


3655 


3708 


3761 


830 


8814 


3867 


3930 


3973 


4036 


4079 


4133 


4184 


4337 


4290 


831 


4343 


4396 


4449 


4603 


4655 


4606 


4660 


4713 


4766 


4819 


833 


4873 


4936 


4977 


6030 


6083 


5136 


6189 


5341 


6594 


6347 


833 


6400 


6463 


5606 


5668 


5611 


5664 


5716 


6769 


5822 


5875 


834 


6937 


6980 


6033 


r6066 


6138 


6191 


6243 


6396 


6349 


6401 


836 


6464 


6607 


6569 


6613 


6664 


6717 


6770 


6832 


6875 


6937 


836 


6980 


7033 


7085 


7138 


7190 


7343 


7295 


7348 


7400 


7463 


837 


7606 


7668 


7611 


7663 


7716 


7768 


7820 


7873 


7925 


7978 


838 


8030 


8083 


8185 


8188 


8340 


8393 


8345 


8397 


8450 


8602 


839 


8666 


8607 


8669 


8713 


8764 


8816 


8869 


8931 


8973 


9026 


830 


9078 


9130 


9183 


9336 


9387 


9340 


9393 


9444 


9496 


9649 


831 


9601 


9663 


9706 


9768 


9810 


9863 


9914 


9967 


..19 


..71 


833 


930133 


0176 


0338 


0380 


0333 


0384 


0436 


0489 


0641 


0593 


833 


0646 


0697 


0749 


0801 


0853 


0906 


0958 


1010 


1062 


1114 


834 


1166 


1318 


1370 


1333 


1374 


1436 


1478 


1530 


1582 


1634 


836 


1686 


1738 


1790 


1843 


1894 


1946 


1998 


3050 


2102 


3154 


836 


3306 


3368 


3310 


3363 


3414 


3466 


3518 


3570 


2622 


2674 


837 


3736 


3777 


3839 


3881 


3933 


3985 


3037 


3069 


3140 


3192 


838 


3344 


3396 


3348 


3399 


3451 


3503 


3555 


3607 


3658 


3710 


839 


3763 


3814 


3866 


3917 


3969 


4031 


4073 


4124 


4147 


4228 


840 


4379 


4331 


4383 


4434 


4486 


4538 


4589 


4641 


4693 


4744 


841 


4796 


4848 


4899 


4951 


6003 


5054 


bi06 


5157 


5209 


5261 


843 


6313 


6364 


5415 


5467 


5518 


5570 


5621 


6673 


5726 


5776 


843 


6838 


5874 


6931 


6983 


6034 


6085 


6137 


6188 


6240 


6291 


844 


6343 


6394 


6446 


6497 


6548 

52 

7063 


6600 


6651 


6702 


6754 


6805 


846 


6867 


6906 


6969 


7011 


7114 


7165 


7216 


7268 


7319 


846 


7370 


7433 


7473 


7534 


7576 


7637 


7678 


7730 


7783 


7832 


847 


7883 


7935 


7986 


8037 


8088 


8140 


8191 


8242 


8293 


8345 


848 


8396 


8447 


8498 


8549 


8601 


8652 


8703 


8764 


8805 


8867 


1 849 


8906 


8959 


9010 


9061 


9113 


9163 


9216 


9266 


9317 


9368 
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860 
861 
86S 
868 

864 

866 

866 
867 



880 
861 
803 
863 
864 

866 
866 
867 
868 
869 

870 
871 
873 
878 
874 

876 
876 
877 
878 
879 



881 
883 
883 
884 



887 



891 
893 
893 
894 

896 
896 
897 



999419 



0949 
1468 

1966 
9474 
9681 
84B7 



6001 
6607 
6011 
6614 

7016 
7618 
8019 
8630 
9030 

9619 
940018 
0616 
1014 
1611 

3008 
3604 
8000 
8406 



4976 
6469 
6961 
6463 

6948 

7434 
7934 
8413 
8903 

9390 
9678 
960366 
0661 
1338 

1833 
3306 
3793 
3376 
8760 



9478 
9981 
0401 
1000 
1600 

9017 
9634 
8081 



6064 
6668 

6061 
6664 

7066 
7668 
8069 
8670 
9070 



9669 
0068 

0666 
1064 
1661 



9068 
3664 

3040 
8644 
4088 



4683 

6036 
6618 
6010 
6601 



7488 
7978 
8463 
8961 

9489 
9936 
0414 
0900 
1886 

1873 
3366 
S841 
3336 



9631 
..89 
0643 
1061 
1660 

9008 

9676 
8089 
8689 



6104 
6608 
6111 
6614 

7117 
7618 
8119 



9130 

9616 
0118 
0616 
1114 
1611 

3107 
3608 
8099 
8693 

4068 

4681 
6074 
6667 
6069 
6661 

7041 
7633 



8611 



9976 
0463 
0949 
1436 

1930 
3405 



3373 
3860 



9679 
..88 
0693 
1109 
1610 

9118 
9696 
8188 
8689 
4141 



6164 
6668 
6169 
6666 

7167 
7668 
8169 
8670 
9170 



9069 
0168 
0666 
1168 
1660 



3167 
3668 
8148 
3643 
4137 

4681 
6134 
6616 
6108 
6600 

7000 
7661 
8070 
6660 
9048 

9686 
..34 
0611 
0997 
1488 

1969 
3463 
3938 
3431 
8906 



9688 
.184 
0648 
1168 
1661 
61 
9160 
9677 
3188 
8690 
4196 

470O 
6306 
6709 
0913 
6716 

7317 
7718 
8319 
8730 



9719 
0316 
0716 
1318 
1710 

3307 
3703 
3198 
8093 
4186 

4660 
6173 
6665 

6167 
6649 

7140 
7630 
8119 
6609 
9097 



9686 
..73 
0660 
1016 
1533 
48 
3017 
3603 



8470 
8968 



9674 
.186 
0604 
1304 
1719 



9737 
8884 
8740 
4346 

4751 
6355 
5759 
6363 
0766 

7967 
7769 
8269 
6770 
9370 

9769 
0367 
0766 
1363 
1760 

3366 
3753 
3347 
3743 
4336 



4i79 
55223 
5715 
6307 



7189 
7679 
8168 
8657 
9146 

9634 
.131 
0606 
1095 
1560 

3066 
3550 
3034 
8518 
4001 



6 



9t36 
.386 
0746 
1354 
1768 

3371 
3778 
3385 
3791 

«ie9 

4801 
6306 
5809 
6318 
6615 

7^17 
7819 
8330 
8830 
9330 

9819 
0317 
0616 
1313 
1609 

3306 
3601 
3397 
3791 
4385 

4779 
5373 
5764 
6266 
6747 

7338 
7728 
8317 
6706 
9196 

9683 
.170 
0657 
1143 
1639 

3114 
3599 
3063 
3560 
4049 



9776 
.367 
0796 
1306 
1814 



3336 
3841 
4347 

4863 
5356 
5660 
63b3 
6666 



736t 
7869 
8370 
6870 
9369 

9669 
0967 
0665 
1363 
1659 



3356 
2651 
3346 
3841 
4335 



4626 
5331 
5613 
6305 
6796 

7367 

7777 



8/65 
9344 

9731 
.319 
0706 
1193 
1677 

3163 
3647 
3131 
3615 
4096 



9837 
.336 
0847 
1856 
1865 

3873 
3679 



3693 
4397 



5406 
5910 
6413 
6916 

7416 
7919 
6430 
6919 
9419 

9916 
0417 
0915 
1413 
1909 

3405 
3901 



4384 

4877 
5370 
5863 
6354 
6845 

7336 
7836 
8315 
8804 
9393 

9760 
.267 
0764 
1340 
1736 

2211 
5696 
3180 
3663 
4146 



9879 
.369 
0698 
1407 
1916 

3433 
3930 
3437 
3943 
4448 

4963 
6457 
5960 
6463 



7466 
7969 
8470 
6970 
9469 



0467 
0964 
1463 
1958 

2455 
2960 
3445 
3939 
4433 

4937 
5419 
5913 
6403 



7385 

7875 



6853 
9341 



.316 
0603 
1389 
I7i6 

3360 
3744 
3336 
3711 
4194 





OF NUMBERS. 19 11 


N. 





1 


3 


8 


4 


6 


6 


7 


8 


9 


900 


954343 


4391 


4839 


4887 


4485 


4484 


4583 


4680 


4638 


4677 


901 


4735 


4773 


4831 


4869 


4918 


4966 


6014 


6063 


6110 


6168 


903 


5307 


5355 


5303 


6861 


5899 


6447 


6496 


6543 


6693 


6640 


903 


6688 


5736 


5784 


5883 


6880 


6938 


5976 


6034 


6073 


6130 


904 


6168 


6316 


6365 


6318 


6861 

48 

6840 


6409 


6457 


6505 


6663 


6601 


905 


6649 


6697 


6746 


6798 


6888 


6986 


6984 


7033 


7080 


906 


7138 


7176 


7334 


7373 


7830 


7868 


7416 


7464 


7613 


7659 


907 


7607 


7655 


7703 


7751 


7799 


7847 


7894 


7943 


7990 


8038 


906 


8066 


8134 


8181 


8339 


8377 


8335 


8373 


8431 


8468 


8616 


909 


8564 


8613 


8659 


8707 


8756 


8808 


8850 


Oo9o 


8946 


8994 


910 


9041 


9089 


9187 


9185 


9283 


9280 


9338 


9375 


9428 


9471 


911 


9518 


9566 


9614 


9661 


9709 


9757 


9804 


9863 


9900 


9947 


913 


9995 


..43 


..90 


.138 


.185 


.338 


.380 


.338 


.876 


.433 


913 


960471 


0518 


0566 


0613 


0661 


0709 


0766 


0804 


0861 


0699 


914 


0946 


0994 


1041 


1089 


1136 


1184 


1331 


1279 


1326 


1374 


915 


1431 


1469 


1616 


1563 


1611 


1668 


1706 


1763 


1801 


1848 


916 


1895 


1948 


1990 


3038 


3085 


3133 


3180 


33527 


2276 


3333 


917 


3369 


3417 


3464 


3511 


3569 


3606 


3663 


3701 


2748 


3796 


918 


3843 


3890 


3987 


3985 


8033 


3079 


3136 


3174 


3331 


3368 


919 


3316 


3363 


3410 


3457 


8604 


3663 


3699 


3646 


3693 


8741 


930 


3788 


3835 


8883 


8939 


8977 


4034 


4071 


4118 


4166 


4212 


931 


4360 


4307 


4354 


4401 


4448 


4496 


4643 


4690 


4637 


4684 


933 


4731 


4778 


4835 


4873 


4919 


4966 


5013 


5061 


5108 


6155 


933 


5303 


6249 


5396 


5343 


6390 


6437 


6484 


6531 


5678 


6626 


934 


5673 


5719 


5766 


5818 


5860 


5907 


5954 


6001 


6048 


6095 


935 


6143 


6189 


6386 


6383 


6339 


6376 


6438 


6470 


6617 


6564 


936 


6611 


6668 


6706 


6763 


6799 


6846 


6893 


6939 


6986 


7033 


937 


7080 


7137 


7173 


7330 


7367 


7314 


7361 


7408 


7454 


7501 


938 


7648 


7595 


7643 


7688 


7736 


7783 


7839 


7875 


7923 


7969 


939 


8016 


8063 


8109 


8166 


8303 


8349 


8396 


8343 


8890 


8436 


930 


8483 


8630 


8576 


8638 


8670 


8716 


8763 


8810 


8856 


8903 


931 


8960 


8996 


9043 


9090 


9136 


9188 


9339 


9376 


9323 


9369 


933 


9416 


9463 


9509 


9656 


9603 


9649 


9696 


9743 


9789 


9835 


933 


9883 


9938 


9975 


,.31 


..68 


.114 


.161 


.307 


.264 


.300 


934 


970347 


0393 


0440 


0486 


0533 


0679 


0636 


0673 


0719 


0766 


935 


0613 


0858 


0904 


0951 


0997 


1044 


1090 


1137 


1183 


1339 


936 


1376 


1333 


1369 


1415 


1461 


1606 


1664 


1601 


1647 


1698 


937 


1740 


1786 


1833 


1879 


1936 


1971 


3018 


2064 


2110 


3167 


938 


2303 


3349 


3395 


3343 


3388 


3484 


3481 


2627 


2673 


3619 


939 


3666 


37X3 


2758 


2804 


3861 


3897 


3943 


2989 


3035 


3U83 


940 


3138 


3174 


3330 


3366 


8313 


8369 


3406 


3461 


3497 


3543 


941 


3690 


3636 


3683 


3738 


3774 


3830 


8866 


3913 


3959 


4005 


943 


4051 


4097 


4143 


4189 


4336 


4381 


4327 


4374 


4420 


4466 


943 


4613 


4568 


4604 


4650 


4696 


4743 


4788 


4834 


4880 


4936 


944 


4973 


6018 


6064 


6110 


5166 

46 

6616 


6303 


6348 


5294 


6340 


6386 


945 


5433 


6478 


5634 


5570 


6663 


6707 


6763 


6799 


5846 


946 


5891 


5937 


5983 


6039 


6075 


6131 


6167 


6212 


6258 


6304 


947 


6360 


6396 


6443 


6488 


6633 


6679 


6925 


6671 


6717 


6763 


948 


680S 


6864 


6900 


6946 


6993 


7037 


7083 


7129 


7176 


7330 1 


949 


7366 


7313 


7368 


7403 


7449 


7495 


7541 


7686 


7632 


7678 1 



20 


LOGARITHMS 


1 


N. 





1 


2 


3 


4 


e 


6 


7 


8 


9 


960 


977724 


7769 


7815 


7861 


7906 


7952 


7998 


8043 


8089 


8135 


951 


8181 


8226 


8272 


8317 


8363 


8409 


8464 


8500 


8546 


8591 


952 


8637 


8683 


8728 


8774 


8819 


8866 


8911 


8966 


9002 


9047 


963 


9093 


9138 


9184 


9230 


9276 


9321 


9366 


9412 


9457 


9503 


954 


9648 


9694 


9639 


9686 


9730 

46 

0186 


9776 


9821 


9867 


9912 


9968 


966 


980003 


0049 


0094 


0140 


0231 


0276 


0322 


0367 


0412 


966 


0458 


0603 


0649 


0694 


0640 


0686 


0730 


0776 


0821 


0867 


967 


0912 


0957 


1008 


1048 


1093 


1139 


1184 


1229 


1276 


1320 


968 


1366 


1411 


1456 


1601 


1647 


1692 


1637 


1683 


1728 


1773 


959 


1819 


1864 


1909 


1964 


2000 


2046 


2090 


2135 


2181 


2226 


960 


2271 


2316 


2362 


2407 


2462 


2497 


2643 


2688 


2633 


2678 


961 


2723 


2769 


2814 


2859 


2904 


2949 


2994 


3040 


3085 


3130 


962 


3176 


3220 


3266 


3310 


3356 


8401 


3446 


3491 


3536 


3681 


963 


3626 


3671 


3716 


3762 


3807 


3862 


3897 


3942 


3987 


4032 


964 


4077 


4122 


4167 


4212 


4267 


4302 


4347 


4392 


4437 


4482 


966 


4627 


4672 


4617 


4662 


4707 


4762 


4797 


4842 


4887 


4932 


966 


4977 


5022 


6067 


6112 


6157 


5202 


5247 


5292 


6337 


5382 


967 


6426 


6471 


5516 


6661 


6606 


5651 


6699 


5741 


5786 


5830 


968 


6875 


5920 


5965 


6010 


6056 


6100 


6144 


6189 


6234 


6279 


969 


6324 


6369 


6413 


6458 


6503 


6548 


6593 


6637 


6682 


6727 


970 


6772 


6817 


6861 


6906 


6961 


6996 


7040 


7036 


7130 


7175 


971 


7219 


7264 


7809 


7353 


7398 


7443 


7488 


7532 


7577 


7622 


972 


7666 


7711 


7756 


7800 


7846 


7890 


7934 


7979 


8024 


8068 


973 


8113 


8167 


8302 


8247 


8291 


8336 


8381 


84ii5 


8470 


8514 


974 


8669 


8604 


8648 


8693 


8737 


8782 


8826 


8871 


891G 


8960 


976 


9006 


9049 


9093 


9138 


9183 


9227 


9272 


9316 


9361 


9406 


976 


9450 


9494 


9539 


9583 


9628 


9672 


9717 


9761 


9806 


9850 


977 


9895 


9939 


9988 


..28 


..72 


.117 


.161 


.206 


.260 


.294 


978 


990339 


0383 


0428 


0472 


0616 


0561 


0605 


0650 


0694 


0738 


979 


0783 


0827 


0871 


0916 


0960 


1004 


1049 


1093 


1137 


1182 


980 


1226 


1270 


1816 


1359 


1403 


1448 


1492 


1536 


1580 


1625 


981 


1669 


1713 


1758 


1802 


1846 


1890 


1935 


1979 


2023 


2067 : 


982 


2111 


2156 


2200 


2244 


2288 


2333 


2377 


2421 


2465 


2609 


988 


2564 


2698 


2642 


2686 


2730 


2774 


2819 


2863 


2907 


2961 


984 


2996 


3039 


3063 


3127 


3172 


3216 


3260 


3304 


3348 


3392 


985 


3486 


3480 


3624 


8668 


3613 


3667 


3701 


3745 


3789 


3833 


986 


3877 


3921 


3966 


4009 


4053 


4097 


4141 


4185 


4229 


4273 


987 


4317 


4361 


4406 


4449 


4493 


4637 


4581 


4625 


4669 


4713 


988 


4767 


4801 


4846 


4886 


4933 


4977 


6021 


5065 


5108 


6152 


989 


6196 


6240 


6284 


6328 


6372 


6416 


6460 


5504 


5547 


6591 


990 


6636 


6679 


6728 


6767 


6811 


5864 


6898 


5942 


5986 


6030 


991 


6074 


6117 


6161 


6206 


6249 


6293 


6337 


6380 


6424 


6468 


992 


6612 


6566 


6599 


6643 


6687 


6731 


6774 


6818 


6862 


6906 


993 


6949 


6993 


7087 


7080 


7124 


7168 


7212 


7266 


7299 


7343 


994 


7386 


7430 


7474 


7617 


7661 
7998 


7606 


7648 


7692 


7736 


7779 


996 


7823 


7867 


7910 


7954 


8041 


8086 


8129 


8172 


8216 


996 


8269 


8303 


8347 


8390 


8434 


8477 


8521 


8664 


8608 


8652 


997 


8696 


8739 


8792 


8826 


8869 


8913 


8956 


9000 


9043 


9087 


998 


9131 


9174 


9218 


9261 


9306 


9848 


9392 


9435 


9479 


9523 


999 


9666 


9609 


9662 


9696 


9789 


9788 


9826 


9870 


9918 


9967 



TABLE II. Log. Sines and Tangents. (QP) Natural Sines. 3 


1 


1 


Sine. 


t).10" 


Cosine. * 


1).10» 


Tang. 


D.10'' 


Cotang. 


N.Bine. 


N.oos. 







Mininmf: 




10.000000 




Minus inf. 




Infinite. 


00000 


100000 


60" 


1 


6.463726 




000000 




6.463726 




18.636274 


00039 


100000 


59 


2 


764766 




000000 




764766 




236244 


00068 


100000 


68 


3 


940847 




000000 




940647 




069163 


00087 


100000 


67 


4 


7.065786 




000000 




7.066786 




13.934214 


00116 


100000 


56 


6 


162696 




000000 




162696 




837804 


00146 


100000 


66 


6 


241877 




V .999999 




241878 




768122 


00176 


100000 


64 


7 


308824 




VSktStW 




806826 




691176 


00204 


100000 


63 


8 


366816 




999999 




366817 




633183 


00233 


100000 


62 


9 


417968 




999999 




417970 




682030 


00262 


100000 


51 


10 


463726 




999998 




463727 




636273 


00291 


100000 


60 


11 


7.606118 




9.999998 




7.606120 




13.494880 


00320 


99999 


49 


12 


642906 




000007 




642909 




467091 


00349 


9999y 


48 


13 


677668 




999997 




677672 




422328 


00378 


99999 


47 


14 


609863 




999996 




609867 




890143 


00407 


99999 


46 


16 


639816 




999996 




639820 




860180 


00436 


99999 


45 


16 


667846 




999996 




667849 




332151 


00465 


99999 


44 


17 


694173 




999996 




694179 




805821 


00495 


99999 


43 


18 


718997 








719003 




280997 


00524 


99999 


42 


19 


742477 




999998 




742484 




267616 


00653 


99998 


41 


20 


764764 




999993 




764761 




235289 


00682 


99998 


40 


SI 


7.78694^ 




9.999992 




7.785961 




13.214049 


00611 


99998 


89 


22 


806146 




999991 




806156 




193846 


00640 


99998 


38 


23 


826461 




999990 




826460 




174640 


00669 


99998 


37 


24 


843934 




999989 




843944 




156056 


00698 


99998 


36 


26 


861663 




9999oo 




861674 




138326 


00727 


99997 


85 


26 


878696 




999988 




878706 




121292 


00756 


99997 


34 


27 


895086 




999987 




896099 




104901 


00785 


99997 


33 


28 


910879 




999986 




910694 




089106 


00814 


99997 


32 


29 


926119 




999986 




926134 




073866 


00844 


99996 


31 


30 


940642 




999983 




940858 




059142 


00873 


99996 


30 


31 


7.955082 




9.999982 


0.2 


7.965100 


2298 
2227 
2161 
2098 
2039 
1983 
1930 
1880 
1833 
1787 
1744 
1703 
1664 
1627 
1691 
1557 
1624 
1493 
1463 
1434 
1406 
1379 
1353 
1328 
1304 
1281 
1259 
1238 
1217 


12.044900 


00902 


99996 


29 


32 


968870 


3296 


999981 


968889 


031111 


00931 


99996 


28 


33 


982233 


2227 


999980 


0.2 


982258 


017747 


00960 


99995 


27 


34 


995198 


2161 


999979 


0*2 
0.2 
02 
0-2 


995219 


004781 


00989 


99996 


26 


35 


8.007787 


2098 
2039 


999977 


8.007809 


11 .992191 


01018 


99995 


25 


36 


020021 


999976 


020045 


979966 


01047 


99995 


24 


37 


031919 


1983 


999976 


031946 


968065 


01076 


99994 


23 


38 


043501 


1930 


999973 


0-2 
0-2 
0-2 


043527 


966473 


01105 


99994 


22 


39 


054781 


1880 
1832 


999972 


054809 


945191 


101134 


99994 


21 


40 


065776 


999971 


066806 


934194 


01164 


99993 


20 


41 


8.076500 


1787 
1744 


9.999969 


0*2 
0-2 


8.076531 


11.923469 


01193 


99993 


19 


42 


086965 


999968 


086997 


913003 


01222 


99993 


18 


43 


097183 


1703 


999966 


0*2 
02 

o;3 


097217 


902783 


01251 


99992 


17 


44 


107167 


1664 
1626 
1591 
1567 
1524 
1492 


999964 


107202 


892797 


01280 


99992 


16 


46 


116926 


999963 


116963 


883037 


01309 


99991 


16 


46 


126471 


999961 


o;3 

0.3 
0.3 


126510 


873490 


01338 


99991 


14 


47 


136810 


999969 


136851 


864149 


01367 


99991 


13 


48 


144953 


999958 


144996 


855004 


01396 


99990 


12 


49 


153907 


999966 


0.3 


163952 


846048 


01425 


99990 


11 


50 


162681 


1462 
1433 
1406 


999964 


0.3 


162727 


837273 


01454 


99989 


10 


61 


8.171280 


9.999962 


0.3 
0.3 


8.171328 


11.8286721101483 


99989 


9 


62 


179713 


999950 


179763 


820237 


,01513 


99989 


8 


63 


187985 


1379 


999948 


0.3 
0.3 
0.3 
0.3 
0.4 
0.4 
0.4 
0.4 


188036 


811964 


101542 


99988 


7 


64 


196102 


1353 
1328 
1304 
1281 
1269 
1237 
1216 


999946 


196156 


803844 


01571 


99988 


6 


55 


204070 


999944 


204126 


795874; 101600 


99987 


6 


66 


211896 


999942 


211953 


788047 1101629 


99987 


4 


57 


219581 


999940 


219641 


780359 101658 


99986 


3 


68 


227134 


999938 


227195 


772805 '1 01687 


99986 


2 


69 


234557 


999936 


234621 


765379 01716 


99985 


1 


60 


241866 


999934 


241921 


758079 !j 01746 


99985 





■ 


Cosine. 




Sine. 




CoiaMfT- 




Tanff. N. COS. 


N. sine- 


/ 


89 Degrees. || 



93 



Lof . Sines and Tangents. 



a°) 



D.IO^I Cosiae. 



Tang. 



^W> 



Natural Sines. 
Cotang. 



TABLE n. 



Sine. 



N.rine.N. ocML 



op 

1 

3 

a 

4 

6 

6 

7 

8 

9 
10 
11 
13 
13 
14 
15 
16 
17 
18 
19 
30 
31 
33 
33 
34 



1.341856 
349033 
356094 
363043 



36 
37 
88 
39 
30 
31 
83 
33 
34 
85 
36 
37 
38 
89 
40 
41 
43 
43 
44 
45 
46 
47 
48 
49 
60 
51 
63 
63 
64 
66 
66 
67 
58 
69 
60 



376614 
383343 
389773 
396307 
303546 
308794 

8.314954 
331037 
837016 
833934 
338753 
344504 
860181 
355783 
361315 
866777 

8.373171 
377409 
883763 
887963 
393101 
898179 
403199 
406161 
418068 
417919 

8.433717 
437463 
433156 
436800 
441394 
445941 
450440 
454893 
469301 



1196 

1177 

1168 

1140 

1133 

1106 

1088 

1073 

1056 

1041 

1037 

1013 

998 

986 

971 

969 

946 

934 

933 

910 



877 
867 
866 
846 
837 
837 
818 
809 
800 
791 
783 
774 
766 
768 
750 
743 
735 
737 
730 
713 
706 



9.999934 



999937 



999930 
999918 
999916 
999918 
999910 
9.999907 
999906 



999891 



9.999879 
999876 
999878 
999670 
999867 
999664 
999861 
999858 
999864 
999861 

9.999848 
999644 
999841 



999831 
999837 



8.467985 
473363 

480693 ^ 

488963 AMQ 
493040 li^ 
497078 S? 
601080 S2, 
606045 2S 
.508974 ^ 
613867 SS 
616736 1 ^ 
630551 1 ^ 
534343 SJS 
538103,®^ 
531838 I Sfi 
635533 1]X 
539186 Sii 
6 42819 '^^ 



999630 

999816 

9.999813 



8 



999806 
999801 
999797 
999793 
999790 
999786 
999783 
999778 
9.999774' 



999765 
999761 
999757 
999753 
999748 
999744 
999740 
999735 



.341931 
349103 
366165 
363115 
369956 
376691 



389856 
396393 
303634 
306884 
.315046 
331133 
337114 



333856 
344610 
350389 
355896 
361430 



.373393 
877633 



393334 
896316 
403338 
406304 
413313 
418068 
18.433869 
437618 
433315 



441660 
446110 
460613 
466070 
469481 



.468173 
473464 
476693 
480693 
485050 
489170 
493350 
497393 
601398 
505367 
.609300 
513096 
616861 
630790 
634586 
538349 
5330^ 
53^779 
539447 
543084 



1197 
1177 
1158 
1140 
1133 
1105 
1089 
1073 
1057 
1043 
1037 
1013 
999 
985 
973 
959 
946 
934 
933 
911 
899 
888 
879 
867 
857 
847 
837 
838 
818 
809 
800 
791 
783 
774 
766 
768 
750 
743 
736 
736 
730 
713 
707 
700 
693 
686 
680 
674 
668 
661 
655 
650 
644 



637 
633 
616 
611 
606 



11.758079 
760898. 
743836 
736885 
730044 
72:i3()9 
716577 
710144 
703708 
6973o^> 
691 1 16 

11.6841)64 
678878 
673886 
666976 
661144 
665390 
649711 
644106 
638570 
633105 

11.637708 
633378 
617111 
611906 
606766 
601685 
59G662 
59169() 
586787 
581932 
577131 
572383 
567685 
563038 
558440 
66S890 
649387 
644930 
640519 
536151 

11.631838 
537546 
633307 
619108 
614960 
510830 
606760 
603707 
498703 
494733 

11.490800 
486902 



01742 
01774 



99985 
i9984 



11. 



479210 
475414 
471661 
467930 
464231 
460653 
456916 



60 
59 
68 
57 

f)9983'66 
55 
54 

99i^Sl { 

byt^yso I 

31i9«0l 51 
d:)9l9\ 60 
>y979= 49 
y9978 ' 
99977 - 
:9:i977 - 
99976 ^ 
99976^ 



01803 99984 
01832 99983 
01862 

01801 i>9982 
01920^9982 
0194'J 
019: 
020(1, 
I 0203(. 

i 0-^uo-- 

102094 
J0212S 
I 02161 

02181 

02211 



03340 99975 
02269 99974 
02398 99974 
02327 99973 
03366 9i^973 
03385 99973 
03414 99971 
03443 99970 
02472 a9y69 
0250199969 
02630 99968 
02560 99967 



02589 
02618 
0264 
02671) 
02705 
02.34 
02763 
02792 99961 
02821 99960 
02860 99959 
03879 99969 
02908 99958 



99966 

IJ9966 

9-J9(i5! 29 

91^904 28 

99<Xi3 

999Ga 

990o2 



02967 99966 
0299(i 99955 
03025 99954 
03064 99953 
03063 99952 
03112 99y52 
03141 99951 
03170 99950 
03199 99949 
03338 99948 
03257 99947 
03286 99946 
03310 99946 
03646 99944 
03374 99943 
03403 99942 
03432 99941 



03401 



99940 



03490 99939 



Sine. 



Cotany. 
I Degreew. 



Tang, 



N. COS. N.8iDe. 



TABLE II. Log. Sines and TangenU. (9P) Nfttorml Knea. 



23 



D. 10"! Cosine. 



D.10^i tang. 



D, WK'i Coiang. ijN.sine. N. cm. 



^iine. 




1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
18 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
81 
32 
33 
34 
86 
86 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
51 
62 
58 
54 
55 
56 
57 
58 
59 
60 



8.542819 
646422 
549996 
563539 
667054 
560540 



567431 
670836 
674214 
677666 
8.680892 
584193 
687469 
690721 
693948 
697152 
600332 



609734 
8.612823 
616891 
618937 
621962 
624966 
627948 
630911 
633864 
636776 
639680 
8.642563 
646428 
648274 
661102 
663911 
666702 
669476 
662230 
664968 
667689 
8.670393 
673080 
675761 
678406 
681043 
683666 
686272 



8.696543 
699073 
701689 
704090 
706677 
709049 
711607 
713952 
716383 
718800 



600 
595 
691 
686 
581 
676 
672 
667 
563 
559 
554 
550 
546 
542 
538 
634 
530 
526 
522 
519 
515 
511 
508 
504 
601 
497 
494 
490 
487 
484 
481 
477 
474 
471 
468 
466 
462 
469 
466 
453 
461 
448 
445 
442 
440 
437 
434 
432 
429 
427 
424 
422 
419 
417 
414 
412 
410 
407 
405 
408 



.999735 
999731 
999726 
999722 
999717 
999713 
999708 
999704 



9996*74 



9.999685 
999680 
999675 



999655 
999650 
999645 
999640 
.999635 



999324 
999619 
999614 



999597 



999686 
.999681 
999576 
999670 
999664 
999568 



999547 
999641 
999536 
999529 
.999524 
999618 
999612 
999506 
999500 
999493 
999487 
099481 
999475 



.999463 
999456 
999450 
999443 
999437 
999431 
999424 
999418 
999411 
999404 



0.7 

0.7 

0.7 

0.8 

08 

0-8 

0.8 

0.8 

08 

0.8 

0.8 

08 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.9 

0.9 

0.9 

0.9 

0.9 

09 

09 

09 

09 

0.9 

0-9 

0.9 

0.9 

0.9 

0.9 

1.0 

10 

1.0 

1.6 

1-0 

1.0 

1.0 

1.0 

10 

10 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 



,548084 
546691 
550268 
553817 
55733S 
560828 
564291 
567727 
571137 
574620 
577877 
581208 
584614 
687795 
591051 
594288 
597492 
600677 



610094 
.618189 
616262 
619813 
622348 
626352 
628340 
631808 
634256 
637184 
640093 
.642982 
645853 
648704 
651537 
654362 
667149 
659928 



665433 
668160 
.670870 
673563 
676239 
678900 
681544 
684172 
6^6784 



691963 
694529 
.697081 
699617 
702139 
704246 
707140 
709618 
702083 
714534 
716972 
719396 



602 

596 
591 
587 
582 
677 
573 
568 
664 
559 
565 
561 
547 
543 
539 
686 
581 
627 
523 
619 
516 
512 
506 
506 
501 
498 
495 
491 
488 
485 
482 
478 
475 
472 
469 
466 
463 
460 
457 
454 
453 
449 
446 
448 
442 
438 
435 
438 
430 
428 
425 
423 
420 
418 
415 
418 
411 
406 
406 
404 



11.466916 
453309 
449732 
446183 
442664 
439172 
435709 
432273 
4288(>3 
425480 
422123 

11.418792 
415486 
412205 
408949 
405717 
402508 



1 03490199939 



03519 
I i 03648 
"03577 



99938 
99937 

99936 



03d06 93935 
0363r.ljj9934 
1 03604 99930 
9993-2 
99931 



•03693 
03723 



j 03 752 

' 0378199929 

■03810 99927 



03839 



396161 
393022 



! 1 03868 
103897 
1 1 03926 

03955 

0398499921 



11.386811 
883738 
880687 
377657 
874648 
871660 



865744 
862816 
359907 

11.357018 
354147 
351296 
348468 
845648 
842851 
840072 
837311 
334567 
331840 

11.329130 
326437 
323761 
821100 
818456 
315828 
313216 
810619 
308037 
305471 

11.302919 
300383 
297861 
295354 
292860 
290382 
287917 
285465 
283028 
280604 



99926 
99925 
99924 
99923 
99922 



04013 
04042 
04071 
04100 
03129 
04159 
04188 
04217 
04246 
04275 
04304 
04333 
04362 



99919 
99918 
99917 
99916 
99915 
99918 
99912 
99911 
99910 
99909 
99907 
99906 
99905 



04391 99904 



04420 
; 04449 

04478 
'04507 

04536 



99902 
99901 
99900 
99898 
99897 



ai694 



04653 



04798 
04827 
04856 



04914 



06175 
05205 
05234 

li N. 008. 



04566 99896 



99894 



04623 99893 



99892 



04682 99890 
04711 99889 
04740 99888 
04769 99886 



99886 
99883 
99882 



04885 99881 



99879 



04943 99878 
04972 99876 
06001 99876 
99873 
99872 
99870 



06030 

05059 

05088 
! 06117 

0514699867 
99866 
99864 



60 
59 
58 
67 

r^ 

55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
89 
38 
87 
36 
35 
34 
33 
33 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
18 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




Cosine. 



Sine. 



Cotanf^. 
87 Degrees. 



Tang. 



Lof. Sims Md Tuigenu. (3P; Natural Sinet. TABLE II. 



dTW' 



P. Wl Tv^ 



WW 



Ckatang. |(N. bIdaJN. ooe. 



1 

3 

8 

4 

6 

6 

7 

8 

9 

10 

U 

13 

18 

U 

16 

16 

17 

18 

19 

30 

31 

33 

38 

34 

36 

36 

37 

38 

39 

30 

81 

33 

83 

84 

86 

86 

87 



0|8. 718800 
731304 
733696 
736972 
738337 
730688 
738037 
786364 
787667 



743269 
8.744636 
746803 
749066 
761297 
763638 
766747 
767966 
760161 
763337 
764611 
8.766676 



40 
41 
43 
48 
44 
46 
46 
47 
48 
49 
60 
61 
63 
63 
64 
66 
66 
67 
68 
69 
60 



770970 
773101 
775223 
777333 
779434 
781624 
783606 
785676 

8.787736 
789787 
791828 
793869 
795881 
797894 
799897 
801892 
803876 
806862 

8.807819 
800777 
811726 
813667 
816699 
817522 
819436 
821343 
823240 
825130 

8.827011 



830749 
832607 
834466 
836297 
838130 
839966 
841774 
843686 



401 
398 
896 
894 
893 
890 
888 
386 
884 
883 
880 
878 
376 
874 
873 
870 
868 
866 
364 
863 
361 
860 
867 
866 
868 
862 
860 
848 
847 
846 
843 
342 
840 
839 
837 
386 
834 
333 
331 
329 



326 
323 
322 
320 
319 
818 
816 
816 
313 
312 
311 
809 
808 
307 
806 
304 
303 
302 



9.999404 



999371 
999364 
999367 



999343 



9.999329 



999316 



999279 
999272 
999266 
.999267 
999260 



999236 
999227 
999220 
999212 
999206 
999197 



.999181 
999174 
999166 
999158 
999150 
999142 
999134 
999126 
999118 
999110 
.999102 
999094 
999086 
999077 



999061 
999053 
999044 



999027 

9.999019 

999010 

999002 



998976 
998967 
998958 
998950 
998941 



1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.2 
1.3 
1.3 
1.3 
1.3 
13 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
13 
1.3 
1.8 
1.8 
1.8 
1.8 
1.8 
1.3 
1.3 
1.3 
1.3 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.5 
1.6 
1.5 



8.719396 
1806 



736688 
738969 
731317 
738663 
736996 
738317 
740626 
743933 

8.746307 
747479 
749740 
76198P 
764237 
766463 
768668 
760873 
763066 
766346 

8.767417 
769578 
771727 
773866 
775995 
778114 
780222 
782320 
784408 
786486 

8.788554 
790613 
792662 
794701 
796731 
798752 
800763 
802765 
804858 
806742 

8.808717 
810683 
812641 
814589 
816629 
818461 



822298 
824206 
826103 
8.827992 
829874 
831748 
833613 
835471 
837321 



840998 
842825 
844644 



403 
399 
897 
396 
398 
891 
389 
387 
386 
388 
381 
879 
377 
376 
378 
371 
369 
867 
866 
364 
363 
860 
358 
366 
366 
368 
361 
350 
348 
346 
346 
343 
341 
340 
338 
337 
335 
334 
332 
331 
329 
328 
326 
326 
323 
322 
320 
319 
318 
316 
315 
314 
312 
311 
310 
308 
307 
306 
304 



11 



11 



11 



11 



11 



11 



280604 
278194 
276796 
273412 
271041 
368683 
266337 
264004 
261683 
369374 
267078 
.264793 
262621 
260260 
348011 
246773 
243647 
341332 
239128 
236935 
234764 
.232583 
230422 
328273 
326134 
224005 
221886 
319778 
217680 
215692 
213514 
.211446 
209387 
207338 ' 
205299 ! 
203209 
201248 
199237 
197235 
196242 
193258 
.191283 
189317 
187359 
185411 
183471 
181539 
179616 
177702 
176795 
173897 
.172008 
170126 
168252 
1G(J387 
164559 
162C79 
160837 
169002 
157176 
165366 



05234 99863 



05263 
05292 
06821 



06350 9985 



063' 

05408 

05437 



9 99855 
99864 
99852 



05466 99851 



05495 
05524 
05553 
05582 
05611 



0664099841 



05669 

05698 

0572 

06766 

06785 



9983i^ 
99838 
99836 
99834 
99833 



0681499831 
0584499829 



06878 
06902 
05931 



99827 
99826 
99824 



10696099822 



06018 

06047 

0607G 

06105 

06134 

0G163 

06192 

03221 

06250 

062 

06306 

0633 

0636G 

06395 

06424 

06453 

06482 

OrJSll 

Oj540 

03569 

06598 

0662' 



0(>085 
06714 
06743 
06773 



06831 
0(>&60 
0fi889 
06918 



06976 



99861 
99860 
99858 



99849 
99847 
9984<; 
99844 
998- 



99819 
99817 

99815 
99813 
99812 
99810 
;)9808 
9980>'; 
99b04 
9980.3 
99801 
99T99 
99797 
99796 
99793 
99792 
E)9790 
99788 
99786 
99784 
99782 
99780 



06666 99778 



99776 
99774 
99772 
99770 

013802 99768 
99766 
997(54 
99762 
997(>0 

06947 99758 



99766 



60 
59 
58 
57 
56 
56 
54 
53 
52 
51 
50 
49 
48 
47 
4t) 
45 
44 
43 
42 
41 
40 



37 

36 

36 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

52 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

6 

4 

3 

2 

1 





Ckwine. 



Sine. 



Ootang. 
80 Degrees. 



Tang. 



N. COS. N jSne. ' 



TABLE n. Log. Sines and Tangents. (4°) Natural Sines. 
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D.l(/1 Cosine. ID. KKI 



Tang. 



wm 



Cotang. 



Sine. 




1 
3 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
SO 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
50 
61 
52 
63 
64 
66 
66 
67 
58 
69 
60 



.843686 
8463S7 
847183 
848971 
860761 
862626 
864291 
866049 
867801 
869646 
861283 
.863014 
864738 
866466 
868166 



871666 
873266 
874938 
876616 
878285 
.879949 
881607 
883268 
884903 
886642 
888174 
889801 
89X421 
893036 
894643 
.896246 
897842 
899432 
901017 
902696 
904169 
906736 
907297 
908853 
910404 
.911949 
913488 
915022 
916650 
918073 
919591 
921103 
922610 
924112 
926609 
.927100 
938587 
930068 
931644 
933016 
934481 
936942 
937398 
938860 
940296 



800 
299 
298 
297 
296 
294 
293 
292 
291 
290 
288 
287 
286 
286 
284 
283 
282 
281 
279 
279 
277 
276 
276 
274 
273 
272 
271 
270 
269 
268 
267 
266 
266 
264 
263 
262 
261 
260 
269 
258 
257 
257 
266 
256 
264 
253 
252 
261 
260 
249 
249 
248 
247 
246 
246 
244 
243 
243 
242 
241 



9.998941 



998914 
998906 



998887 
998878 



998861 
.998841 
996832 



998813 
998804 
996796 
998786 
998776 
998766 
998767 
.998747 
998738 
998728 
998718 
998708 



998679 
998669 



.998649 
998639 



998619 
998609 



998578 
998668 
998668 

.998648 
998637 
998627 
998616 
998506 
998495 
998485 
998474 
998464 
998463 

.998442 
998431 
998421 
998410 



998388 
998377 



998366 
996344 



1.6 
1.5 
1.6 
16 
16 
1-6 
1.6 
1.5 
1.6 
1.5 
1.6 
1.5 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
16 
16 
1.6 
1.6 
16 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 



,844644 
846466 
848260 
860067 
861846 
863628 
866403 
867171 
868932 
860686 
862433 
.864173 
866906 
867632 
869351 
871064 
872770 
874469 
876162 
877849 
879529 
,881202 



884530 
886186 
887833 
889476 
891112 
892742 
894366 
896984 
.897596 
899203 
900803 



903987 
905670 
907147 
908719 
910286 
911846 
.913401 
914961 
916486 
918034 
919668 
921096 
922619 
924136 
925649 
927156 
.928668 
930155 
931647 
"933134 
934616 



937565 



940494 
941952 



801 
299 
298 
297 
296 
296 
293 
292 
291 
290 
289 
288 
287 
286 
284 
283 
282 
281 
280 
279 
278 
277 
276 
376 
274 
278 
272 
271 
270 
269 
268 
267 
366 
265 
264 
263 
262 
261 
260 
259 
258 
257 
266 
256 
255 
254 
253 
252 
251 
250 
249 
249 
248 
247 
246 
246 
244 
244 
243 



11.166366 
163546 
151740 
149943 
148164 
146372 
144697 
142829 
141068 
139314 
137667 

11.135827 
1B4094 
182368 
130649 
128936 
127230 
125581 
123838 
122161 
120471 

11.118798 
117131 
115470 
113815 
112167 
110524 
108888 
107258 
105634 
104016 

11.102404 
100797 
099197 1 
097602 
09(:013 
094430 
092853 
091281 
089715 
088164 

11.086599 
085049 
083606 
081966 
080432 
078904 
077381 
075864 
074351 
072844 

11.071342 
069846 
068353 
066866 
065884 
063907 
062436 
060968 
069506 
058048 



06976 99766 
07006 99764 
0703499752 
07063 99760 
0709299748 
07121 99746 
0715099744 
07179 99742 
0720899740 
07237 99738 



07266 
07296 
07324 
07353 
07382 
07411 



99736 
99734 
99731 
99729 
99727 
99725 



0744099728 



07469 
07498 
07527 
07556 
07585 



99721 
99719 
99716 
99714 
99712 



0761499710 



07643 
07672 
07701 
07730 



99708 
99705 
99703 
99701 



07788 99696 



07817 
07846 
07876 
07904 



99694 
99692 



99687 



0T962 
07991 



99683 
99680 



0802099678 



99676 

08078 99673 

99671 



08049 
08078 
08107 



99664 



08165 
08194 
08223 99661 
08252 99659 
08281 99657 
08310 99654 
0833999652 
08368 99649 
08397 99647 
08426 99644 
08455 99642 
99639 
99637 
^)9635 
99632 



; 08484 
08513 



'1 08542 
! 08571 



i 108600 99630 
ji086S9 ""■" 



1 ' 

I i 08687 

ii 08716 



9i*627 
99(i25 
99622 
99619 



31 

30 

29 

28 

27 

26 

26 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 





Cosine. 



Sine. 



Cotang. 
es Degrees. 



Tang. :; N. cop. X.sine, 



96 



Lof. Sines and Tmngents. (SP) Natural Sines. TABLE II. 



Cosine. ID. KK'' 



Tang. (P. 1<K^ 



'BTSS^ 



Cotang. 



N. sine. N. ooe. 





1 
s 

8 

4 

6 

6 

7 

8 

9 

10 

11 

13 

13 

14 

16 

16 

17 

18 

19 

30 

31 



18.940396 
941738 
943174 
944606 
946034 
947466 
948874 
960387 
961696 
963100 
964499 

8.966894 
967384 
968670 
960063 
961439 
963801 
964170 
966634 



34 
36 
36 
37 
38 
39 
30 
31 
33 
33 
34 
36 
36 
37 
38 
39 
40 
41 
43 
43 
44 
46 
46 
47 
48 
49 
60 
61 
63 
63 
64 
66 
66 
67 
68 
69 
60 



968349 
8.969600 
970947 
973389 
973638 
974963 
976393 
977619 
978941 
980269 
981673 
8.963883 
984189 
986491 
986789 
988063 
989374 
990660 
991943 
993333 
994497 
S. 995768 
997036 



999660 
9.000816 



003318 
004663 
005806 
007044 
9.008278 
009610 
010737 
011962 
013183 
014400 
015613 
016834 
01U031 
019236 



340 



337 
336 
336 
336 
334 
338 
333 
333 
331 
330 



338 
337 
337 
336 
336 
334 
334 
333 
333 
333 
331 
330 
330 
219 
318 
318 
317 
316 
316 
316 
314 
314 
313 
313 
313 
211 
311 
310 
309 
209 
208 
308 
307 
206 
206 
206 
205 
204 
203 
203 
202 
202 
201 
201 



9.998344 



998311 
996300 



998277 
998366 
996366 
996348 



9.998330 
996309 
998197 
996186 
996174 
996163 
998161 
998139 
998138 
998116 
.998104 
998092 
998060 
998068 
998066 
998044 



998020 
99o00o 
997996 

.997984 
997973 
997969 
997947 
997936 
997933 
997910 
997897 
997886 
997873 

.997860 
997847 
997835 
997832 
997809 
997797 
997784 
997771 
997758 
997745 

1.997732 
997719 
997706 



997680 
997667 
997664 
997641 
997628 
997614 



.941963] 
943404 
944863 
946396 
947734 
949168 
960697 
963031 
963441 
964866 
966367 

.967674 
969076 
960473 
961866 
968266 
964639 
966019 
967394 
968766 
970133 

.971496 
972856 
974209 
976560 
976906 
978248 
979586 
980921 
982261 
983677 
8.984899 
986217 
987632 
988842 
990149 
991461 
992760 
994046 
996337 
996624 

.997908 
999188 

.000465 
001738 
003007 
004272 
005634 
006792 
008047 
009298 

.010646 
011790 
013031 
014268 
016602 
016732 
017969 
019183 
020403 



Cosine. 



Sine. 



343 
341 
340 
340 
339 
338 
337 
337 
336 
336 
334 
334 
333 
333 
331 
331 
330 
339 
329 
228 
227 
226 
226 
226 
224 
2*^4 
223 
222 
223 
331 
320 
220 
219 
218 
218 
217 
216 
216 
216 
216 
214 
213 
313 
212 
211 
211 
210 
210 
209 
208 
208 
207 
207 
206 
206 
206 
304 
204 
203 
203 



11 



11 



,068048 
066596 
055148 
063705 
062366 
050832 
049403 
047979 
046659 
046144 
043733 
.042326 
040925 
039527 
038134 
036746 
035361 



11 



11 



032606 

031334 

029867 

.028504 

027145 

025791 

024440 

023094 

021752 

030414 

019079 

017749 

016423 

,016101 

013783 

012468 

011158 

009851 

008649 

007260 

005965 

004663 

003376 

,002092, 

000812 

999635 

998262 



996728 
994466 



10 



991953 
990702 
.989454 
988210 



985732 
984498 
983268 
983041 
980817 
979597 
978380 



Cotafag. 
84 Degrees. 



Tang. 



08716 
08745 
08774 



99619 
99617 
99614 



0880399612 



08831 



99609 



0886099607 



08889 
08918 
08947 
08976 
09005 
0903499591 



99604 
99602 
99599 
99696 



090(>3 
09092 
09121 
09150 
09179 



99588 
99586 
99583 
99580 
99678 



0920899676 



09237 
09266 
09295 



99572 
99570 
99567 



60 
69 
58 
57 
56 
55 
54 
53 
52 
61 
60 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 



0932499564 



09363 
09382 
09411 



99562 
99559 
99556 



0944099553 
99551 
99548 
99545 
99542 
99540 
99637 

0964299534 



09527 
09556 
09685 
09614 



09671 



99531 



0970099528 



09729 
06768 
09787 



99626 



99520 



0981699517 



09845 
09874 
09903 



09961 
09990 



99514 
99511 
99506 
99506 
99503 
99500 



1001999497 



10048 
10077 
10106 
10135 
10164 
10192 
10221 



99494 
99491 
99488 
99486 
99482 
99479 
99476 



1025099473 



10279 
10308 
10337 
10366 
10395 
10424 
10453 



99470 
99467 
99464 
99461 
99458 
99465 
99462 



37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

6 

4 

8 

2 

1 





N. COS. Njdne, 



J- 



TABLE H. Log. Slnea and Tangents. (6°) Natural Sines. 

Si ne. [ D. 1(K* | CoHino. P. 10^ Ta ng. iD. lO^q lS)tang. j N. Pi»e.|N. ooe. 

9.019336 

030435 

021632 

022825 

024016 

025203 

026386 

027567 

028744 

029918 

031089 
9.032267 

033421 

034582 

035741 



27 





1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

30 

21 

22 

33 

34 

36 

36 

37 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 



40 
41 
43 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
53 
54 
66 
66 
67 
68 
60 
60 



038048 
039197 
040342 
041486 
043625 

9.043762 
044895 
046036 
047164 
048379 
049400 
050519 
051636 
052749 
053859 

9.054966 
056071 
057173 
058371 
059367 
060460 
061551 
063639 
063734 
064806 

9.066885 
066963 
068036 
069107 
070176 
071343 
073306 
073366 
074434 
075480 

9.076533 
077583 
078631 
079676 
080719 
081759 
083797 
083833 
084864 
085884 



300 ^ 

199 

199 

198 

198 

197 

197 

196 

196 

195 

195 

194 

194 

193 

193 

193 

191 

191 

190 

190 

189 

189 

180 

188 

187 

187 

186 

186 

186 

185 

184 P 

184 

183 

183 

183 

183 

181 

181 

180 

180 

179 

179 

179 

178 

178 

177 

177 

176 

176 

176 

176 

176 

174 

174 

173 

173 

172 

173 

173 



997614 
997601 
997588 
997574 
997561 
99:547 
997534 
997520 
997507 
997498 
997480 
997466 
997452 
997439 
997435 
997411 
997397 
997383 



997366 
997341 
.997337 
997313 
997399 
997386 
997371 
997367 
997343 
997338 
997314 
997199 
997186 
997170 
997166 
997141 
997137 
997113 
997096 
997063 
997068 
997068 
9.997039 
997034 
997009 



9SIS979 
99W64 



996934 
996919 
996904 
9.996889 
996874 



996843 



996813 
996797 
996783 
996766 
996761 



3.3 
3.3 
3.3 
3.3 
2.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3-3 
3.3 
3.3 
3.8 
3.3 
3.3 
3.3 
3-3 
3-3 
3.3 
3.3 
3.4 
3-4 
3.4 
3-4 
34 
3.4 
3.4 
3.4 
3-4 
3-4 
3.4 

3.4 
3.4 
3*4 
3.4 
3.4 
3.4 
3.6 
3.6 
3.6 
36 
3-6 
3.6 
3.6 
3.6 
3-5 
3.6 
3.6 
3.5 
3.6 
3.6 
3.6 
3.6 
3.6 
3.5 
3.6 
3.6 
3.6 
2.6 



9.034791 



031620 
023834 
024044 
026251 
026456 
027655 
028852 
030046 
031237 
032425 



037144 
038316 
039486 
040661 
041813 
043973 
044130 
046384 

.046434 
047583 
048737 
049669 
061006 
053144 
063377 
054407 
055536 
056659 

.057781 
058900 
060016 
061130 
063340 
063348 
064463 
065666 
066666 
067753 

.068846 



071037 
073113 
073197 
074378 
076366 
076433 
077505 
078576 
.079644 
080710 
081773 



083891 
064947 
066000 
067050 
068096 
089144 



303 
302 
201 
201 
300 
99 
99 
96 
98 
97 
97 
96 
96 
96 
96 
94 
94 
93 
98 
92 
93 
91 
91 
90 
90 
89 



10.978380 
977166 : 
976956; 
974749 
973545: 
973346 
971148! 
969954' 
968763, 
967575 ! 
966391 

10.965309 
964031 
962866 
961684 
960615 
969349 
958187 
967027 
966870 
964716 

10.963566 
953418 
951373 
960131 
948993 
947856 
946733 
945593 
944466 
943341 

10.943319 
941100 
939984' 
938870 
937760 
936652 
935547 I 
934444 1 
933346 
933348 

10.931164 
930063 
928973 
927887 
926803 
925723 
924644 
933668 
933496 
931434 

10.930356 
919390 
918337 
917167 
916109 
916063 
914000 
913950 
911903 
910866 



10453 99462 



10482 
10511 



;m49 

99446 



1059'/ 
10626 
10655 
10684 
10713 
10742 
10771 



1064099443 
1056999440 



99437 
99434 
99431 
99438 
99434 
99431 
99418 



1060099415 



10839 



99413 



10R68 99409 
99406 
99403 



10687 

10916 

10945 

1097399396 

11003 99393 

1103199890 

1106099386 

11069 

1111899380 



11147 
11176 
11306 



99377 
99374 
99370 



1123499367 
1126399364 
11291 
1132099357 



11349 
11378 
11407 
11436 
11465 
U494 
U523 
11562 
11680 
11609 
11G38 
11667 
11696 
11725 



11985 



12043 



13129 
13158 
12187 



99354 
99351 
99347 
99344 
99341 
JJ9337 
99334 
9ii331 
99327 
99324 
99320 
99317 
99314 
99310 



1175499307 
11783 
1181299300 
1184099297 



99293 
99290 



11869 
11898 
11927 
11956 99283 



99279 



12014 99276 



99272 



1307199269 
1210099365 



99362 
99258 
99255 



68 
67 
56 
55 
54 
53 
53 
51 
60 
49 
48 
47 
46 
46 
44 
48 
43 
41 
40 
39 
38 
37 
86 
36 
34 
33 
33 
31 
80 
29 
28 
37 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
16 
14 
13 
12 
11 
10 
9 
8 
7 
6 
6 
4 
3 
3 
1 




Gofline. 



Sine. 



Cotang. 
I Degrees. 



Tang. 



N. 008. N.fline. 



18 



38 



Sine. |D.li/' 



Log. Sinef and Tangents. 



Oofiine. 

i.99«761 
996735 
99:)7'i0 
996704 
99(X)88 
99(i673 
996(5o7 
996641 
99(k>26 
990010 
99H594 
996578 
990562 
990646 
996530 
990514 
996498 
996483 
996405 
996449 
996433 
99(J4i7 
996400 
996384 



C7<^ Natnnl Sines. 

. lb. LU' 



TABLE IL 



1218 

122U) 

12245 

12274 

1230-2 

12331 

I2aoo 

1238S' 

1241h 

1244 

12470 

12504 

12633 





1 

3 
8 

4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
30 
21 
23 
S3 
34 
36 
36 
37 
38 
39 
30 
31 
32 
33 
34 
86 
86 
37 
88 
89 
40 
41 
43 
43 
44 
46 
46 
47 
48 
49 
60 
51 
62 
63 
64 
65 
66 
67 
68 
69 
60 



9.086894 
086933 
087947 



091008 
093034 
093037 
094047 
095066 
096063 
9.007066 
098066 



9. 



9. 



9. 



00083 
01056 
03048 
03037 
04036 
06010 
06993 
06973 
07961 
06937 
09901 
10873 
11843 
13809 
13774 
14737 
15698 
1^666 
17613 
18667 
19619 



31417 
33363 



34348 
.36187 
36136 
37060 
37993 
38936 
39864 
3078f 
31706 
33630 
33551 
34470 
35387 
36303 
37316 
38128 
39037 
39944 
40860 
,41764 
42666 
.43566 



CkMine. 



171 
171 
170 
170 
170 
169 
169 
168 
168 
168 
167 
167 
166 
166 
166 
166 
166 
164 
164 
164 
163 
163 
163 
163 
163 
163 
161 
161 
160 
160 
160 
159 
169 
169 
168 
168 
168 
167 
167 
167 
166 
166 
166 
166 
166 
164 
164 
164 
163 
168 
163 
162 
163 
163 
163 
161 
161 
161 
160 
160 



9. 



996361 
996336 
996318 
996303 



9.996353 
996236 
996319 
996303 
996185 
996168 
996161 
996184 
996117 
996100 
.996083 
996066 
996049 



996016 
996998 
995980 



995946 
995938 
.996911 
995894 
996876 
995869 
996841 
995828 
996806 
996788 
996771 
996763 



Sine. 



3.G 
3.6 
2.6 
3.6 
3.6 
2.6 
2.6 
2.6 
3.6 
3.6 
2.6 
2.7 
2.7 
2.7 
2.7 
3.7 
3.7 
2.7 
3.7 
3.7 
2.7 
2.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
2.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
2.8 
3.8 
3.9 
3.9 
3.9 
3.9 
3.9 
3.9 
3.9 
3.9 
3.9 
3.9 
3.9 
3.9 
3.9 
3.9 
3.9 
2.9 
3.9 
2.9 
3.9 



.0&9144 

oyoia7 

0912-:8 
09-^2; >0 
093;iO-2 
0J4330 
0.^530 < 
0'JtJ39o 
0J*422 
09844l» 
099408 

.100487 
101504 
102619 
103532 
104642 
105550 
100550 
10?55}* 
lU86uO 
109559 

.110560 
111651 
112543 
113633 
114521 
116507 
116491 
117472 
118452 
119429 

.120404 
121377 
122348 
126317 
124384 
125349 
136311 
127173 
138180 
129087 

.130041 
130994 
131944 



133839 
134784 
135726 
136667 
137605 
138642 
.139476 
140409 
141340 
142269 
143196 
144121 
145044 
146966 
146886 
147803 



174 
173 
173 
173 
172 
172 
171 
171 
171 
170 
170 
169 
169 
109 
168 
108 
108 
167 
107 
160 
100 
106 
105 
105 
165 
164 
164 
164 
163 
163 
162 
162 
162 
161 
161 
161 
160 
160 
160 
169 
159 
159 
168 
168 
168 
167 
157 
157 
166 
166 
166 
165 
166 
166 
164 
164 
164 
153 
163 
163 



Cotang. 
82 Degrees. 



10.910>6o. 
90.)813 ! 
908/72 j 
907734 ; 
9U0t»98 I 
905004 , 
904t«)3 
903605 I 
902678 I 
901564 1 
900532 I 

10.899513 1 
8984961 
897481 
890468 
895468 
8i*4450 
893444 
892441 
891440 
890441 

10.889444 
888449 
887457 
880407 
885479 
884493 
883509 
882628 
881548 
880571 

10.879596 
878623 
877662 
876683 
876716 
874761 
873789 
872828 
871870 
870913 

10.869959 
869006 
868056 
867107 
866161 
865210 
864274 
803383 
862395 
861458 

10.860624 

859591 

868660 : 

867731 il 

866804 1; 

855879: 

864966 I 

854034 

863116 

852197 



sill' 



.\. LOf. 

99255 
'i92ol 
9924b 
99*^44 
99240 
i*923; 
)di3a 
992^0 
5226 
»92:^2 
99219 
J9216 
99211 



12602 99208 



12591 



99204 



12620 99200 
12049 9919 



121)78 
1270' 
127:.5 
12704 
1279o 
I28'i2 
12851 
12880 
12908 



>9193 
i>9189 
991 8 J 
M>loi^ 
)917b 
991 : 5 
,591 71 
99167 
99103 



12937 99100 



1296b 
12995 
13024 
13053 
13081 
13110 
13139 



13254 
13283 
13312 
13341 
13370 



13485 

13514 
13543 
13572 
13000 
136'x9 



13087 



Taag. 



13744 
13773 
13802 
13831 
1S860 
13889 



J9150 
99152 
99148 
99144 
99141 
99137 
99133 



13168 99129 
13197 99136 
13226 99132 



99118 
99114 
99110 
99106 
99102 



13399 99098 
13427 99094 
1345(i 99091 



99087 
99083 
J9079 
9S076 
1^9071 
99067 



13668 99063 



99059 



13716 99056 



99051 
99047 
)9043 
99039 
99035 
99031 



13917 99027 



N. COS. N.sine. 



6t} 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
36 
34 
33 
32 
31 
30 
29 
28 
27 
36 
36 
34 
23 
22 
21 
20 
19 
18 
17 
16 
16 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
3 
1 




Log. Sinef and Tangenta. (S^) Natorml Sinei. 



29 



Sine, 



D. 10" Cosine. 





1 

2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 



40 

41 i 

42 

43 

44 

46 

46 

47 

48 

49 

60 

6t 1 

62 

63 

64 

66 

66 

67 

68 

60 

60 



9. 



9. 



43666 
44463 
46349 
46243 
47136 
48026 
48916 
49802 
60686 
61669 
62461 
63330 
64208 
66063 
65957 
.66830 
67700 



69436 
60301 
61164 



63743 
64600 
65454 
66307 
67159 
68008 
68866 
.69702 
70547 
71389 
72230 
73070 
73908 
.74744 
,75678 
.76411 
77242 
78072 
78900 
79726 
80551 
81374 
.82196 
83016 



84661 
85466 
86280 
.87092 
87903 
88712 
89519 



91130 
91933 
92734 
93634 
94332 



160 
149 
149 
149 
148 
148 
148 
147 
147 
147 
147 
146 
146 
146 
146 
146 
146 
144 
144 
144 
144 
143 
143 
143 
142 
142 
142 
142 
141 
141 
141 
140 
140 
140 
140 



139 
138 
138 
138 
137 
137 
137 
137 
136 
136 
136 
136 
136 
135 
135 
135 
134 
134 
134 
134 
133 
133 



D. 10" 



.995763 
995736 
995717 
995699 
996681 
996664 
996646 
996628 
996610 
996691 
996573 

1.996666 
996587 
995619 
995601 
996482 
996464 
996446 
996427 
995409 
995390 

.995372 
995353 
996334 
995316 
996297 
995278 
996260 
995241 
995222 
996203 

.996184 
996165 
995146 
995127 
995108 
996069 
995070 
996051 
996032 
995013 
9.994993 
994974 
994966 
994935 
994916 
994896 
994877 
994867 



994818 
.994796 
994779 
994769 
994739 
994719 
994700 
994680 



994640 
994620 



3.0 
8.0 
3.0 
8.0 
3.0 
3.0 
8.0 
3.0 
3.0 
3.0 
3.0 
3.0 
8.0 
8.0 
3.1 
3.1 
3.1 
3.1 
8.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
8.2 
8.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.3 
3.3 
3.3 
8.3 
8.3 
3.3 
3.3 
3.3 
3.3 
3.3 
8.3 
3.8 
3.3 
3.8 
3.8 



Tang. 



D. 10' 



147803 
148718 
149632 
150644 
161464 
152363 
163269 
164174 
156077 
166978 
166877 
.157776 
168671 
159566 
160457 
161347 
162236 
168123 
164008 
164892 
165774 
166654 
167532 
168409 
169284 
170157 
171029 
171899 
172767 
173634 
174499 
175362 
176224 
177084 
177942 
178799 
179666 
180508 
181360 
182211 
183059 
,183907 
184752 
186597 
186439 
187280 
188120 



189794 
190629 
191462 
.192294 
198124 
193953 
194780 
196606 
196430 
197253 
198074 
196894 
199713 



163 
162 
162 
162 
161 
151 
161 
160 
160 
160 
160 
149 
149 
149 
148 
148 
148 
148 
147 
147 
147 
146 
146 
146 
146 
146 
146 
146 
144 
144 
144 
144 
143 
143 
143 
142 
142 
142 
142 
141 
141 
141 
141 
140 
140 
140 
140 
139 
139 
139 
139 
138 
138 
138 
138 
137 
137 
137 
137 
136 



Cotaug. .N. siue. N. cos. 



10.862197 
861282 
860368 
849466 
848646 
847637 
846731 
845826 
844923 
844022 
843123 

10- 842225 
841329 
840435 
839543 
838653 
837764 
836877 
835992 
835108 
834226 

10.833346 
832468 
831591 
830716 
829843 
828971 
828101 
827233 
826366 
825601 

10.824638 
823776 
822916 
822058 
821201 
820345 
819492 
818640 
817789 
816941 

10.816m>3 
815248 
8144U3 
818501 
812720 
811880 
811042 
810205 
809371 
608638 

10.80/706 
80687C 
806047 
805220 
604394 
803670 
602747 
601926 
601106 
800287 



!1 13917 
113946 
ll 13975 



111400499016 



114033 
14061 
14090 



99027 
99028 
99019 



99011 
9900<i 
99002 



14111^98998 
14148 98994 



14177 



98990 



! 14206 9«986 
142t.4 98982 



14263 
14292 



98978 
98973 



1432098909 



14349 
14378 
14407 
14436 
14464 

114493 
14522 
14561 

i 14580 
14608 
14637 
14666 
14695 
14723 
14762 
14781 



98965 
98961 
98967 
98963 
98946 
98944 
98940 
96936 
98931 
98927 
98923 
98919 
98914 
98910 
98906 
98902 



l'i810 98897 
14838 98893 
148b7 
14896 
14925 



jl 14964 
14982 
16011 
16040 
16069 
1509 
161-^(i 

|i 15166 
15184 

!'152r^ 
15241 
15270 
155^99 
16:J2 

I 15356 



^Tang. 



15500 
15529 



J8884 
9bb80 
J8876 
;8871 
')886/ 
98863 
9hb58 
.;cfc.64 
J8b49 
^;bh46 
98H41 
98836 
•jSfc32 
.8827 
J8h23 
9H818 
jbbM 



15386 9bb09 
1541-i 98805 
16441 98800 
15471 98796 



98791 
98787 



15557 98782 
15566 98778 
15616 98773 
15643 98769 



60 
69 
66 
67 
56 
65 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
36 
37 
36 
36 
34 
33 
32 
31 
SO 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

ll« 

11/ 

10 

15 

14 

IS 

12 

11 

10 

9 

8 

7 

6 

6 

4 

3 

2 

1 





Oosine. 



Sin«.. 



Cotang. 
81 Degroeg. 



N. 008. N.sine. 



30 



Lof . Sines and Tangents. (9°) Natonl Sines. 



TABLE n. 




1 
3 
8 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
30 
31 
33 
33 
34 
26 
26 
27 
28 
29 
30 
31 
32 
33 
84 
86 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
50 
61 
62 
63 
64 
66 
66 
57 
68 
69 
60 



ain«. 



9.194332 
196129 
196926 
196719 
197611 
198303 
199091 
199879 
200666 
201461 
202234 

9.203017 
308797 
304577 
306364 
206131 
206906 
207679 
208462 
209222 
209992 

9.310760 
211626 
212291 
213066 
213818 
214679 
216338 
216097 
216854 
217609 

9.2l8a»3 
219W 

220618 
831367 
333116 
333861 
223606 
224349 
226092 

9.226833 
226673 
227311 
228048 
228784 
229618 
230252 
230984 
231714 
232444 

9.233172 



234626 
235349 
236073 
236796 
237515 
238236 
238953 
239670 



D. 1(K1 Cosine. 



138 
138 
183 
183 
183 
133 
131 
131 
131 
181 
180 
180 
130 
130 
139 
129 
129 
129 
128 
128 
128 
126 
127 
137 
137 
137 
137 
136 
136 
136 
136 
136 
136 
136 
126 
126 
124 
124 
124 
124 
123 
123 
123 
123 
123 
122 
122 
122 
122 
122 
121 
121 
121 
121 
120 
120 
120 
120 
120 
119 



9.994630 
994600 
994680 
994660 
994540 
994619 
994499 
994479 
994459 
994438 
994418 
.994397 
994377 
994367 



994316 
994296 
994274 
994264 
994233 
994212 
.994191 
994171 
994150 
994129 
994108 
994087 
994066 
994045 
994034 
994003 
9.993981 



993918 
993896 
993875 



993811 
993789 
9.993768 
993746 
993726 
993703 



993638 
993616 
993694 
993572 
.993660 
994528 
993606 
993484 
993462 
993440 
993418 



993374 



D, lul Tuug. 1). liV 



3.8 
3.8 
3.3 
3.4 
3.4 
3.4 
3.4 
8.4 
3.4 
8.4 
8.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.6 
3.5 
3.6 
3.6 
3.6 
3.5 
3.6 
3.6 
3.6 
3.5 
3.5 
3.6 
3.6 
3.6 
3.6 
3.5 
3.6 
3.6 
3.6 
3.6 
8.6 
3.6 
3.6 
3.6 
3.6 
3.6 
8.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.7 
3.7 
3.7 
3.7 
3.7 
8.7 
8.7 
8.7 
8.7 
3.7 
3.7 



9. 



199713 
200529 
201345 
20:2159 
202971 
203782 
804592 
305400 
306207 
207013 
207817 
308619 
209420 
210220 
211018 
211815 
212611 
213405 
214198 
214989 
216780 
216568 
217356 
218142 
218926 
219710 
220492 
331373 
333063 
322830 
223606 
224382 
225156 
225929 
226700 
337471 



339007 
329778 
230539 
231302 
.232066 
232826 



334346 
236108 
236869 
236614 
237368 
238120 
238872 
.239622 
240371 
241118 
341866 
343610 
343364 
344097 
344839 
346679 
346319 



CotAllg. 



N. wise. -M. em'. 



10.800287 
799471 
798655 ! 
797841 I 
797029 
796218 
795406 
794600 
793793 
792987 
792183 

10.791381 
790680 
789780 
788982 
. 788185 
787389 
786695 
785802 
735011 
784220 

10.783432 
782644 
781858 
781074 
780290 
779508 1 
778728 ! 
7779481 
777170 
776394 

10.775618 
774844 
774071 
773300 
772529 
771761 
770993 
770227 
769461 



10.767935 
767174 
766414 
766655 
764897 
764141 
763386 
762632 
761880 
761128 

10.760378 
769629 
758882 
758135 
767390 
766646 
766903 
756161 
764421 
753681 



16ii43 98 76y 



15675 
15701 
15730 
1676^, 
15787 
1681{; 
16846 
16873 
15902 
15931 
15959 
15988 
16017 
16046 
16074 
16103 
16132 
16160 
16189 
16218 
16246 
16275 
16304 
16333 
16361 
16390 
16419 
16447 
16476 
16505 
16533 
16562 
16691 
16<>20 
16648 
16677 
16706 
16734 
16763 
16792 
16820 
16849 
16878 
16906 
16936 
16964 
16992 
17021 
17050 
17078 
17107 
17136 
17164 
17193 



17250 
17279 
17308 
17336 
17365 



98704 
98760 
98755 
93751 
98746 
93741 
98737 
98732 
98728 
96723 
98718 
98714 
98709 
98704 
98700 
98695 
98690 
98686 
98681 
98676 
98671 
98667 
98662 
9S661 
98652 
98648 
98643 
98638 
98633 
98629 
98624 
98(il9 
98614 
98609 
98604 
98600 
98596 
98590 
98685 
98580 
98576 
98670 
98566 
98661 
98556 
98561 
98546 
98541 
98536 
98631 
98626 
98521 
98516 
98511 



17222 96606 



98601 
98496 
98491 



98481 



60 
59 
68 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
33 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
16 
14 
13 
12 
11 
10 
9 
8 
7 
6 
6 
4 
8 
2 
1 




Ck>sine. 



Sine. 



Cotang. 
80 Degrees. 



Tang. 



N. coB.lN.8ine. 



VABLBII. 



Log. Biam and Tanfentt. (UP) ll»tiu«l BliiM. 



91 



Sine. p. 10^ 



nsPT 



Tang. 



D. lOr Cotang. 



Nuiine. M. ooa. 




1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
13 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
28 
24 
26 
26 
27 
28 
^ 
80 
31 
82 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 
60 



9.289670 

240386 
841101 
241814 
242626 
243237 
243947 
244666 
246363 
246069 
246776 
9.247478 
248181 



249683 
260282 
260980 
261677 
262378 
263067 
263761 
9.264463 
266144 
266834 
266623 
267211 
267898 



269268 
269961 
260633 

9.261314 
261994 
262673 
263361 
264027 
264703 
266377 
266061 
266723 
267395 

9.268065 
268734 
269402 
270069 
270735 
271400 
272064 
272726 
273388 
274049 

9.274708 
275367 
276024 
276681 
377337 
277991 
278644 
379297 
279948 
280699 



119 
119 
119 
119 
118 
118 
118 
118 
118 
117 
117 
117 
117 
117 
116 
116 
116 
116 
116 
116 
116 
116 
116 
116 
116 
114 
114 
114 
114 
114 
113 
113 
113 
113 
118 
113 
112 
112 
112 
112 
112 
111 
111 
111 
111 
111 
111 
110 
110 
110 
110 
110 
110 
109 
109 
109 
109 
109 
109 
106 



998361 
993329 
998307 



993217 
998196 
998172 



993127 
.993104 



993018 



992967 
992944 
992921 



.992876 
992868 
992829 



992788 
992769 
992786 
992713 



.992648 
992619 
992696 
992672 
992649 
992626 
992501 
992478 
992454 
992430 

.992406 
992388 



992386 
992311 
992287 
992263 
992239 
992214 
992190 
.992166 
992142 
992117 
992093 



992044 
992020 
991996 
991971 
991947 



Cosine. 



Sine. 



.246819 
847067 
347794 
848580 
849364 
849996 
360780 
861461 
352191 
363930 
868648 

.354374 
365100 
266834 
866647 
357269 
867990 
868710 
359439 
860146 
860668 

.361578 
363398 
863006 
368717 
364438 
365138 
866847 
366656 
36736] 
367967 

.868671 
369376 
870077 
370779 
871479 
373178 
372876 
273578 
274269 
274964 

.275668 
276351 
277048 
277734 
278424 
279118 
279801 
280488 
281174 
281858 

.282542 
283225 
283907 
284588 
285268 
285947 
286624 
287301 
287977 



133 
188 
183 

183 
133 
133 
188 
183 
181 
181 
181 
181 
131 
180 
180 
180 
130 
130 
130 
119 
119 
119 
119 
119 
118 
118 
118 
118 
118 
118 
117 
117 
117 
117 
117 
116 
116 
116 
116 
116 
116 
115 
115 
116 
116 
116 
115 
114 
114 
114 
114 
114 
114 
113 
113 
113 
113 
113 
113 
112 



10.768681 
752948 
762206 
761470 
760736 
760002 
749270 
748639 
747809 
747080 
746862 

10.745636 
744900 
744176 
743463 
743731 
742010 
741290 
740571 
739854 
739137 

10.738422 
787708 
736995 
736283 
735572 
734862 
734153 
733445 
732789 
732033 

10.731329 
730625 
729923 
729231 
728521 
727822 
727124 
726427 
726731 
725036 

10.724342 
728649 
722957 
722266 
721576 
720887 
720199 
719512 
718826 
718142 

10.717468 
716776 
716093 
715412 
714732 
714053 
713376 
712699 
712023 
711348 



1786696481 
1789396476 



17483 
17461 
1747998461 
1760898466 



96471 
96466 



17537 
17665 
17594 
17623 
17651 



98460 
98445 
98440 
98435 
98430 



1768098425 
1770898420 
17737 98414 
1776698409 



17794 
17823 

17852 



98404 



983U4 



1788098389 



17909 
17937 
17966 



98383 
98378 
98373 



1799598368 



Cotang. 
79 Degreeg. 



Tang. 



18023 
18052 
18081 
18109 
18138 
18166 
18195 
18224 
18252 
18281 
18309 
18338 
18367 
18395 
18424 
18452 
18481 
18509 
18638 
18567 
18596 
18624 
18652 
18681 



98362 
98357 
98352 
98347 
98341 
98336 
98331 
983i!6 
98320 
98315 
98310 
98304 
98299 
98294 



98283 
98277 
98272 
98267 
98261 
98256 
98250 
98246 
98240 



1871098234 

18738 

18767 

18795 
18824 
18852 
18881 

18910 

18938198190 



98223 
98218 
98212 
9820; 
98201 
9bl9<j 



1896? 
18995 
19024 
19052 
19081 



98186 
98179 
98174 
9bll>8 



37 

36 

35 

34 

33 

32 

31 

Hi) 

29 

28 

ill 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

16 

14 

13 

12 

11 

10 

9 

8 

7 

ti 

6 

4 

3 

2 

1 





N. COS. N.fiiie. 



39 



irm 



hog, sines and Tugents. (U9) Natimd SiiiM. 







9.280599 


1 


281248 


s 


381897 


8 


282644 


4 


283190 


5 


2H383t> 


H 


284480 


7 


5286124 


« 


285706 


9 


28t>408 


10 


287048 


n 


9.287o87 


JO 


288320 


ir, 


2889G4 


14 


2Hm00 


IT) 


2J02:i« 


Hi 


2^^0870 


17 


2915J4 


lb 


2y:^137 


19 


292768 


20 


393399 


31 


9.394029 


23 


294668 


23 


295286 


34 


296913 


36 


396539 


36 


397164 


27 


397788 


28 


398413 


29 


399034 


30 


399665 


31 


9.300276 


33 


300895 


33 


301514 


34 


302132 


35 


302748 


36 


303364 


37 


303979 


38 


304593 


39 


306207 


40 


305819 


41 


9.306430 


42 


307041 


43 


307650 


44 


308259 


45 


308867 


46 


809474 


47 


310080 


48 


810685 


49 


311289 


50 


311893 


51 


9.312495 


52 


313097 


53 


313(398 


54 


3141297 


55 


314897 


56 


316495 


57 


316092 


68 


316689 


59 


317284 


60 


317879 



CoRine. 



TABLE n. 



Lof . BiiiM and Taagmta. (18^ Natonl BIbm. 



33 





1 
2 
3 
4 
6 
6 
7 
8 
9 

to 

11 
13 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
80 
81 
82 
33 
34 
86 
86 
87 
38 
89 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
51 
62 
63 
64 
66 
66 
67 
68 
69 
60 



Si ne. 

9.817879 
818473 
319066 
319668 
820249 
820840 
321430 
322019 
822607 
823194 
323780 

9.324366 
324960 
326634 
326117 
826700 
827281 
827862 
828442 
829021 



9.830176 
330763 



381903 
832478 
833061 



334196 
334766 
836337 
9.336906 
836475 
337043 
837610 
838176 
838742 



839871 
840434 
840996 
9.841568 
842119 
342679 



343797 
844356 
844912 
346469 
846024 
346679 
9.347134 
347687 
348240 
348792 
.849343 
849893 
350443 
850992 
351540 
862088 



Gcwine. 



D.KKT Oorine. D. W 



99.0 
98.8 
98.7 
98.6 
96.4 
98.3 
98.2 
98.0 
97.9 
97.7 
97.6 
97.6 
97.3 
97.2 
97.0 
96.9 
96.8 
96.6 
96.6 
96.4 
96.2 
96.1 
96.0 
96.8 
96.7 
96.6 
96.4 
96.3 
96.2 
96.0 
94.9 
94.8 
94.6 
94.5 
94.4 
94.3 
94.1 
94.0 
93.9 
93.7 
93.6 
93.6 
93.4 
93.2 
93.1 
93.0 
92.9 
92.7 
92.6 
92.6 
92.4 
92.2 
92.1 
92.0 
91.9 
91.7 
91.6 
91.5 
91.4 
91.3 



990404 
990378 
990361 
990324 
990297 
990270 
990243 
990216 
990188 
990161 
990134 
,990107 
990079 
990052 
990026 



989970 
^9942 
989916 



989604 
989777 
989749 
969721 



989637 



.969668 
969626 
969497 



969441 
969413 



989300 
.989271 



989214 
989186 
989167 
989128 
969100 
989071 



969014 



988966 
988927 



988840 
988811 
988782 
988763 
988724 



4.6 
4.5 
4.6 
4.6 
4.6 
4.6 
4.6 
4.5 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.9 
4.9 
4.9 



Tang. 



D. Wl OoUng. i|N. Btne.,N. om. 



827474 
828095 
828716 



829953 
330570 
831187 
831803 
832418 



833646 
.884269 
834871 
836482 



336702 
837311 
887919 
838627 
839188 



.840344 
840948 
841662 
842166 
842767 
343368 
843958 
844658 
846167 
345755 

.846363 



347645 
848141 
848735 
849329 



860514 
861106 
861697 
.853287 
852876 
363466 
354063 
364640 
365327 
856813 



866982 
857666 
.368149 
368731 
859313 



360474 
361063 
361632 
362210 
362787 



103 

103 

103 

103 

103 

103 

103 

102 

103 

103 

102 

102 

102 

102 

102 

101 

101 

101 

101 

101 

101 

101 

101 

100 

100 

100 

100 

100 

100 

100 

100 
99.4 
99.3 
99.2 
99.1 
99.0 
98.8 
98.7 
96.6 
96.5 
98.3 
98.2 
98.1 
98.0 
97.9 
97.7 
97.6 
97.5 
97.4 
97.3 
97.1 
97.0 
96.9 
96.8 
96.7 
96.6 
96.5 
96.3 
96.2 
96.1 



10.672626 
671905 
671285 
670666 
670047 
669430 
668813 
668197 
667682 



Cotan g. 
77 Degrees. 



666364 
10.666741 
665129 
664518 
663907 
663298 



661473 
660667 
660261 

10.669666 
669052 
668448 
667846 
667343 
666642 
656042 
665442 
664843 
664245 

10.653647 
653061 
652456 
661859 
661265 
660671 
660078 
649486 
648894 
648303 

10.647713 
647124 
646535 
645947 
646360 
644773 
644187 
643602 
64;]018 
642434 

10.641861 
641269 
640G87 
640107 
63y6'J6 
638947 
638368 
637790 
637213 
636636 



20791 97816 
2082097809 
2084897803 
20877 97797 
2090697791 
2093397784 
2096297778 
2099097772 
2101997766 
21047 97760 
2107697764 
2110497748 
2113297742 
2116197736 
2118997729 
21218 97728 
21246 97717 
2127597711 
21303;97706 
21331,97696 
2136097692 
2188897686 
2141797680 
21446 97673 
21474 97667 
21602 97661 
21630:97666 
21659!97648 
2158797642 
2161697636 
21644 97630 
2167297623 
21701,97617 
21729J97611 
2176897604 
2178697698 
2181497692 



21843 
21871 
21899 
21928 
21966 
21985 
22013 
22041 
22070 
22098 



97585 
97679 
97573 
97566 
97660 
97663 
97547 
97541 
97634 
97528 



22155 



22126 97521 



97515 



2'i 183 -97508 
22212 97502 
222-i0 9;49l> 
22268197489 
22297 !974Hi'; 
22325:97476 
22353 97470 



Tang. 



2:2382 
22410 
224Sb 
22467 
224 :>5 



9i463 

97467 
97450 
97444 
9/437 



N. COS. N.8ine 



60 
69 
68 
67 
66 
66 
64 
63 
63 
61 
60 
49 
48 
47 
46 
46 
44 
43 
43 
41 
40 



34 



Lof . BinM uMl Tuognf. (Iff) Malanl Bbam, 



TABLIIL 




1 

3 
8 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
30 
81 
23 
33 
34 
36 
36 
37 
38 
39 
80 
81 
33 
83 
84 
86 
86 
87 
88 
89 
40 
41 
43 
43 
44 
46 
46 
47 
48 
49 
60 
61 
63 
63 
64 
66 
66 
67 
68 
69 
60 



9.863068 



863181 
863736 
864371 
864816 
866368 
866901 
866443 
866984 
867634 
19.868064 
868603 
869141 
869678 
860316 
860763 
861387 
861833 



9.868439 
368964 
864486 
866016 
866646 
866076 
866604 
867181 
367669 
868186 

19.368711 



869761 
870386 
870608 
871880 
871863 
873378 
873894 
878414 

9.873938 
874463 
874970 
376487 
876003 
876619 
877036 
377649 
378063 
378677 

9.879069 
379601 
380113 
380634 
381134 
381643 
883163 
882661 
883168 
383676 



91.1 
91.0 
90.9 
90.8 
90.7 
90.6 
90.4 
90.8 
90.3 
90.1 
89.9 
89.8 
89.7 
89.6 
89.6 
89.8 
89.3 
89.1 
89.0 
88.9 
88.8 
88.7 
88.6 
88.4 
88.8 
88.3 
88.1 
88.0 
87.9 
87.7 
87.6 
87.6 
87.4 
87.8 
87.3 
87.1 
87.0 
86.9 
86.7 
86.6 
86.6 
86.4 
86.3 
86.3 
86.1 
86.0 
86.9 
86.8 
86.7 
86.6 
66.4 
86.3 
86.3 
86.1 
86.0 
84.9 
64.8 
84.7 
84.6 
84.6 



Co alnie. 
19.968734 



968607 
988678 
986648 
968619 
988489 
988460 
986430 
.968401 
988371 
986343 



966383 



986198 
968163 
966133 
.966108 
968078 
966048 
988013 
967963 
987968 
987933 
967893 
967863 
987833 
.987801 
987771 
967740 
987710 
967679 
967649 
987618 
967688 
967667 
967636 
.987496 
967466 
987434 
987403 
967373 
987841 
987810 
967379 
967346 
987217 
.967186 
987166 
987134 
967093 
987061 
967030 



986967 
986936 
986904 



4.9 
4.9 

4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 



Tang. 

.363364 
368940 
864616 
866090 
866664 



866810 
367382 
367968 



369094 
.369663 
370232 
870799 
871867 
871983 
873499 
878064 
878639 
874193 
874766 
.876819 
876881 
876443 
877003 
877663 
878133 
878681 
87«2d9 
879797 
380364 
.880910 
881466 



883676 
863139 



864234 
884786 
366337 



.886436 
386967 
887636 
368084 
388631 
389178 
389734 
890370 
890616 
891360 

.391903 
393447 



394073 
894614 
396164 



396771 



96.0 
96.9 
96.8 
96.7 
96.6 
96.4 
96.3 
95.3 
96.1 
95.0 
94.9 
94.8 
94.6 
94.6 
94.4 
94.8 
94.8 
94.1 
94.0 
96.9 
96.8 
98.7 
96.6 
96.4 
98.8 
98.3 
98.1 
98.0 
93.9 
93.8 
93.7 
98.6 
93 6 
93.4 
93.8 
93.3 
93.1 
93.0 
91.9 
91.8 
91.7 
91.6 
91.4 
91.8 
91.3 
91.1 
91.0 
90.9 
90.6 
90.7 
90.6 
90.6 
90.4 
90.3 
90.3 
90.1 
90.0 
89.9 
89.8 
89.7 



636344 

10.634661 

634119 



OoCang. I N.sm« 



10. 

636060 
636485 
684910 
634336 
633763 
688190 
632618 
683047 
6814';6 
680906 
10.630337 
689768 
689201 



; 122496 97437 
;;22623 



97430 

22663 97424 
2258097417 
2260697411 

1122637 97404 
22666 97396 
22C98 97391 

I22722|97384 

j 

22807 

22835 



628067 
637601 



636371 



633997 
683437 
681676 
631819 
680761 
620203 
619646 

10.619090 
616634 
617980 
617425 
616671 
616318 
&15766 
615214 
614663 
614112 

10.613662 
613013 
612464 
611916 
611369 
610622 
610276 
609730 
609186 
608640 

10.608097 
607663 
607011 



605927 
605386 
604846 
604306 
603767 



23642 9 
23671 



23769 
23797 



23966 
23995 
24023 



24079 
24106 i) 
24136 



22760197378 
22778197371 
97365 
97358 
22863 97351 
22892 97345 
22930 973;i8 
22948 97331 
22977 97325 
23006 97318 
23033 97311 
23062 97304 
2309097398 
33116 97391 
33146 97384 
83176 97878 
33803 97871 
3333197364 
33360 97357 
33388 97251 
23316 97244 
23845 



97237 
23373 97230 
2340197323 
2342997217 
97210 
97203 



23468 
23486 

2381497196 



7lby 
y7l82 



23699 97176 
23627 97169 
2365697162 
2368497156 
23712 97148 
23740 97141 



97134 
97127 



23825 97120 
23853 97113 
23662 97106 
2391097100 
23938 97093 
97086 
23995 97079 



97073 



2405197066 



97068 

061 

97044 



24164 97037 
24192 97030 



69 
68 
67 
66 
66 
54 
63 
58 
51 
50 
4» 
46 
47 
46 
46 
44 
43 
48 
41 
40 
39 
86 
37 



34 

S3 

32 

31 

30 

29 

38 

37 

36 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

8 

2 

1 





Ootang. 
T6 Degreea. 



Tang. N. eos. N.fline. ' 



TABLSn. 



Log. SiiiM and Tangents. (IIP) Nfttnral Sins*. 



Sine. ID. l(y 



Cosine. 



■BHo^^ 



Tang. 



mrWi 



Ootang. 



IN. line. N. ooa 



09 

1 

3 

8 

4 

6 

6 

7 

8 

9 
10 
11 9 
13 
18 
14 
16 
16 
17 
18 
19 
20 
31 9 
32 

3d 

34 

36 

36 

37 

38 

39 

30 

31 9 

33 

33 

34 

36 

86 

37 

38 

39 

40 

41 9 

43 

43 

44 

46 

46 

47 

48 

49 

60 

61 9 

63 

63 

64 

66 

66 

67 

68 

69 

60 



883676 
884183 
884687 
886193 
886697 
886301 
886704 
887307 
887700 
888310 
888711 

>. 889311 
389711 
890310 
390708 
391306 
391703 
392199 
393696 
393191 
393686 

>. 3941 79 
394673 
396166 
395668 
396160 
396(541 
397132 
397621 
398111 
398600 

) 399088 
399675 
400063 
400649 
401035 
401620 
402005 
403489 
402973 
403455 

). 403938 
404420 
404901 
406382 
406862 
406341 
406820 
407299 
407777 
408254 

) .408731 
409207 
409682 
410157 
410632 
411106 
411579 
412062 
412524 
412996 
Cociine. 



84.4 
84.3 
84.3 
84.1 
81.0 
83.9 
83.8 
83.7 
83.6 
83.6 
83.4 
83.3 
83.3 
83.1 
83.0 
83.8 
83.7 
82.6 
82.6 
82.4 
82.3 
82.2 
82.1 
82.0 
81.9 
81.8 
81.7 
81.7 
81.6 
81.5 
81.4 
81.3 
81.2 
81.1 
81.0 
80.9 
80.8 
80.7 
80.6 
80.5 
80.4 
80.3 
80.2 
80.1 
80.0 
79.9 
79.8 
79.7 
79.6 
79.5 
79.4 
79.4 
79.3 
79.2 
79.1 
79.0 
78.9 
78.8 
78.7 
78.6 



.986904 
986873 
986841 



986778 

986746 
986714 
986688 
986661 
986619 
986687 
.986666 
986633 
986491 
986469 
986437 
986396 
986363 
986331 
986299 
986266 
.986234 
986202 
986169 
986137 
98bl01 
986072 
986039 
986007 
985974 
985942 
.986909 
985876 
986843 
986811 
985778 
985746 
985712 
986679 
986646 
986613 
.985580 
986547 
985514 
986480 
986447 
985414 
985380 
985347 
986314 
985280 
985247 
985213 
985180 
986146 
985113 
985079 
985046 
985011 
984978 
984944 



9.896771 
897309 
897846 



898919 
899466 



89 



899990 qq' 
400634 2o 
401068 °2' 
401691 ^• 
402134 22" 
9.403666 :°2' 
403187 i°2 • 
403718 1 22' 
404249 22" 
404778 °2" 
406308 I Sft • 
406836'"°- 
406364 '°° • 
406893 ;"i • 
407419 ;°;- 
407946 2,- 
408471 2;- 
408997 II- 
409621 2,* 
410045 21- 
410669 ll' 

411092 °;- 

411615 ll' 
412137 g^. 
412668 22* 
!».413179 22' 
413699 2^' 
414319 °^- 
414738 °^. 
416267 °6. 
416776 25* 
416293 2S- 
416810 2$- 
417326 25- 
417842 2?' 
418358 25' 
418873 25* 
419387 2r* 
419901 2t* 
420416 25* 
420927 25- 

Ant AAt\ OO. 

85. 
86. 
86. 
85. 
84. 
84. 
84. 
84. 
84. 
84. 
84. 
84. 
84. 



9 



420927 
421440 
421952 
422463 
422974 
423484 
433993 
424603 
426011 
426519 
426027 
426634 
427041 
437647 
4 28063 



Sine. 



10.603339 
602691 
603164 
601617 
601081 
600646 
600010 
699476 
698943 
698409 
697876 

10.597344 
6JMi813 
696282 
596751 
695222 
694692 
594164 
6936216 
693108 
592581 

10.592055 
691529 
691003 
690479 
689966 
689431 
688908 
688386 
687863 
687342 

10.686831 
686301 
686781 
686363 
684743 
684226 
683707 
683190 
682674 
682168 

10.681642 
681127 
680613 
680099 
679686 
679073 
678660 
678048 
677637 
677026 

10.676616 
676007 
676497 
674989 
674481 
573973 
573466 
672959 
572463 
671948 



3419397080 
3432097023 



24249 
24277 
24306 
24333 
24362 



97016 
97008 
97001 



96987 



1 24390 96980 
2441896973 



24446 



96966 



24603 96962 
,24531 9(>94o 
1 24559 96937 
i 24687 96930 
12461696923 
I 24644 96916 
124672:^909 
2470 J 96902 
12472896894 
i24;56 96887 
'2478496880 
124813 96873 
' 1 24841 96866 
12486996868 
24897 96861 
i 24925 96844 
124954 96837 
12498296829 
2501096822 
2603896816 
126066 96807 
26094 96800 
2612396793 
2615196786 
12517996778 
1 2620J 96771 
12623696764 
25263 96756 
2629196749 
2532096743 
25348 96734 
126376 96727 
126404 96719 
126432 96712 
12646096706 
126488 96697 
1125516 96690 
125645 96682 
26573 96676 
112660196667 
25629 96660 
! 25667 96663 
26686 96646 
26713 96638 
2674196630 



,; 25766 96623 
'2579896616 
2582696608 
2686496600 
25882 96593 



Cotang. 
76 Degreea. 



Tang. 



60 
69 

68 
67 
66 
66 
64 
53 
62 
51 
50 
49 
48 
47 
46 
46 
44 
4^) 
42 
41 
40 
39 
38 
37 
36 
36 
34 
38 
33 
31 
30 
39 
38 
37 
36 
26 
34 
33 
23 
31 
30 
19 
18 
17 
16 
16 
14 
13 
13 
11 
10 
9 
8 
7 
6 
6 
4 
3 
3 
1 




N. COS. N.riDH. 



Log. SiiMt and Taa«enta. (HP) Natvnl Sbm. 



TABIiBII. 



Comne. JD. 10^' 



D. ion 





1 
S 
3 
4 
6 
6 
7 
8 
9 
10 

n 

12 
13 
14 
15 
16 
17 
18 
19 
30 
21 
23 
23 
34 
26 
36 
27 
28 
29 
30 
31 
33 
33 
34 
36 
36 
37 



9.412996 
413467 
413938 
414406 
414878 
415347 
416816 
416283 
416761 
417217 
417684 

9.418150 
418615 
419079 
419544 
420007 
420470 
420933 
421396 
421867 
422318 

9.422778 
433338 
4236^7 
424166 
424615 
426078 
425530 
435987 
436443 



40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
52 
53 
54 
66 
66 
67 
58 
69 
60 



Sin*. 



D. 10" 



9.427364 
427809 
428263 
428717 
429170 
429683 
430075 
430627 
430978 
431429 

9.431879 
432329 
432778 
433226 
433676 
434122 
434669 
436016 
435462 
435908 

9.436353 
436796 
437242 
437686 
438129 
438572 
439014 
439466 
439697 
440338 



CkMone. 



78.6 
78.4 
78.8 
78.8 
78.3 
78.1 
78.0 
77.9 
77.8 
77.7 
77.6 
77.6 
77.4 
77.3 
77.3 
77.3 
77.1 
77.0 
76.9 
76.8 
76.7 
76.7 
76.6 
76.6 
76.4 
76.8 
76.3 
76.1 
76.0 
76.0 
75.9 
75.8 
76.7 
75.6 
76.6 
75.4 
75.3 
75.3 
76.3 
76.1 
75.0 
74.9 
74.9 
74.8 
74.7 
74 6 
74.6 
74.4 
74.4 
74.3 
74.3 
74.1 
74.0 
74.0 
73.9 
73.8 
78.7 
73.6 
73.6 
73.5 



.98^44 
984910 
964876 
984842 
984806 
984774 
984740 
984706 
984672 
984637 
984603 

.984669 
984536 
984600 
984466 
964432 
984397 
984363 
984328 
964294 
984269 

.984234 
984190 
984156 
964130 
984066 
984060 
984015 
983981 



983911 
.983875 
983840 
963806 
983770 
983735 
983700 
988664 
983629 
983694 
983568- 
.983523 
983487 
983452 
983416 
983381 
983345 
983309 
983273 



983202 
.983166 
98S130 
983094 
983058 
983023 



982960 
982914 
983878 
982842 



Sine. 



Ttog. 



.438062 
438657 
429062 
439566 
430070 
430673 
431075 
431577 
433079 
432580 
433060 

.433580 
434060 
434679 
486078 
435576 
436073 
436670 
487067 
437663 
438059 

.438654 
439048 
489643 
440036 
440629 
441022 
441614 
442006 
442497 
442988 

.443479 
443968 
444458 
444947 
445436 
445923 
446411 
446898 
447;W4 
447870 

.448356 
448841 
449326 
449810 
460:294 
450777 
461260 
461743 
452225 
462706 

.463187 
453668 
464148 
454628 
455107 
465586 
450064 
466542 
467019 
457496 



Cotang. 
74 BegreM. 



Colwig. K. ainti. N. w.- 



10.671948 
671443 
670938 
670434 
669930 
569427 
868925 
568423 
667921 
567420 
666920 

10.666420 
566920 
666431 
664932 
564424 
663937 
563430 
662933 
663437 
661941 

10.661446 
660952 
560457 
659964 
559471 
568978 
658486 
657994 
667603 
657012 

10.556521 
556032 
555642 
556053 
6646'v/5 
654077 
65;i689 
563102 
56261b 
652130 

10.561644 
661 16U 
550674 
550190 
549706 
549223 
548^40 
648-257 
647775 
547294 

10.546813 
546332 
645852 
645372 
b44mi 
644414 
548936 
643458 
642981 
542504 



3588-i 96593 



2591«» 

3593 

8596 

3599 

2602. 

36050 

260751 

2610. 



,>658 

9656- 

9i>o5 . 
9u5-i< 



26185 96634 
36168 96517 
2619196609 
36319 96503 
36347 96494 
36375 96486 
26308 96479 
26331 96471 
26359 96463 
96456 
96448 



26387 
26415 
26443 96440 
26471 96433 



26500 



96425 



26528 96417 
26656 96410 
26684 96402 
26612 96894 
26640 96386 
26668 963' 



S6696 



26836 
26864 
26802 
20920 



2094b 96301 
I209ib:)62y3 
' 27004 962b6 
; 2703'^ >i627 i 
L>0:^09 
270bbl>62Cl 
27110 96^53 
27144:^024*) 
27172 J023b 
27200 .:>0230 
272i-b y6:i^'-t 
27250 i^b2l4 
27284 yO^Ov. 
27312 91 Jiib 
2/340 D619J 
2736b 
l27S9«) 
274:24 |y0106 
27462 
274b0 
2750b 
27530 
27664 i6l26 



9 
96371 



26724 96363 
26752 96366 
26780 96347 
26808 96340 



^633^ 
96324 
96316 
>»630b 



J6lb2 
961 14 



5^6168 
^iOlSO 
.*6142 
^134 



Tang. I N. cos. jX. sine. 



6.-> 



a4 
r)3 
o.i 
51 
60 
49 
46 
47 
46 
46 
44 
43 
42 
41 
40 
39 
36 
37 
36 
36 
34 
33 
32 
31 
30 
29 
28 
27 
26 
'J5 
24 
23 
22 
21 
•20 
19 
18 
1/ 
16 
15 
14 
13 
1'^ 
il 
10 

9 

8 

7 1 

6 ■ 

6 

4 

3 

2 

1 





TASiMn. Log. SiiMi Mkd Thngentf . (1^) Ifotnana Sum. 



37 



Sine. 



©.ICT Codne, 



D. ly^f Tang. 



"STWr 



Ootopg. |N. wne. N. con. 




1 

s 

8 

4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2Q 
31 
33 
23 
34 
36 
36 
37 
38 
39 
30 
31 
33 
33 
84 
85 
36 
37 
88 
39 
40 
41 
43 
43 
44 
46 
46 
47 
48 
49 
60 
51 
62 
63 
64 
56 
66 
67 
58 
59 
60 



.410338 
440778 
441318 
441658 
442096 
443636 
443973 
443410 
443847 
444384 
444730 

.446156 
446590 
446036 
446459 



447336 
447769 
448191 



4^064 

.449485 
449916 
450345 
460775 
451204 
461632 
452060 
462488 
452916 
453342 

.453768 
464194 
464619 
455044 
455469 
455893 
456316 
456739 
467162 
457584 

.458006 
468427 
458848 
469268 
459688 
460108 
460527 
460946 
461364 
461782 

.462199 
462616 
463032 
463448 
463864 
464279 
464694 
465108 
465622 
465936 



78.4 
73.3 

73.2 
73'1 
73.1 
73.0 
72.9 
72.8 
73.7 
72.7 
72.6 
72.5 
72.4 
72.3 
72.3 
72.2 
72.1 
73.0 
73.0 
71.9 
71.8 
71.7 
71.6 
71.6 
71.5 
71.4 
71.3 
71.3 
71.3 
71.1 
71.0 
71.0 
70.9 
70.8 
70.7 
70.7 
70.6 
70.5 
70.4 
70.4 
70.3 
70.3 
70.1 
70.1 
70.0 
69.9 
69.8 
69.8 
69.7 
69.6 
69.6 
69.5 
69.4 
69.3 
69.3 
69.2 
69.1 
69.0 
69.0 
68.9 



.962843 
982806 
983769 
983733 



963624 
963687 
963661 
962614 
983477 

.963441 
963404 
963367 
982331 
982294 
983367 
983220 
983188 
982146 
982109 

.982072 
982036 
981998 
981961 
981924 
981886 
981849 
981812 
981774 
981737 
9.981699 
981662 
981626 
981587 
981649 
981512 
981474 
981436 



981361 
.981323 
981286 
981247 
981209 
981171 
981133 
981095 
981057 
981019 
980981 
.980942 
980904 
980866 
980827 
980789 
980750 
980712 
980673 
980635 
980596 



6.0 
6.0 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.3 
6.3 
6.2 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.8 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 



.467496 
457978 
468449 
468926 
469400 
469676 
460349 
460638 
461397 
461770 
463242 

.462714 
463186 



464139 
464599 
465069 
466639 
466006 
466476 
466945 

.467418 
467880 
466347 
468814 
469380 
469746 
470311 
470676 
471141 
471606 

.473068 
472532 
472996 
473457 
473919 
474381 
474842 
476303 
476763 
476223 
476683 
477142 
477601 
478059 
478517 
478975 
479432 
479889 
480346 
480801 

.481357 
481712 
482167 
482621 
483075 
483529 
483963 
484435 
484887 
485339 



79.4 
79.3 
79.8 
79 3 
79.1 
79.0 
79.0 
78.9 
78.8 
78.9 
78.7 
78.6 
78.6 
78.6 
78.4 
78.8 
78.8 
78.3 
78.1 
78.0 
78.0 
77.9 
77.8 
77.8 
77.7 
77.6 
77.6 
77.6 
77.4 
77.8 
77.8 
77.3 
77.1 
77.1 
77.0 
76.9 
76.9 
76.8 
76.7 
76.7 
76.6 
76.6 
76.5 
76.4 
76.3 
76.3 
76.2 
76.1 
76.1 
76.0 
75.9 
76.9 
75.8 
75.7 
75.7 
76.6 
76.5 
75.5 
75.4 
75.3 



10.642604 
542027 
641551 
641076 
640600 
540126 
639651 
689177 
538708 



3766496136 



637768 
10.537386 
536814 
536343 
535871 
535401 
534931 
634461 



533624 
533055 
10.632587 
632120 
531653 
531186 
530720 
530264 
629789 
629324 
528659 



10.627932 
627468 
527005 
626543 
526061 
626619 
526168 
524697 
624237 
52377'/ 

10.523317 
522868 
522399 i 
521941 
521483 
521026 
520568 
520111 
5 19065 
519iy9 

10.518743 
518288 
517833 
517379 
516925 
516471 
516018 
515565 
516113 
514661 



CkMriine. 



Sine. 



Cotang. 
78 Degreeg. 



Tang. 



27692 
37620 
37648 



96118 
96110 
96103 



3762096110 



3767696094 
3770496086 
96078 



27731 

3776996070 

2778796062 

27816 

27843 

27871 

27899 

27927 

27966 

27963 

28011 



96064 
96046 
96037 
96039 
96031 
96013 
96005 
96997 
3803996989 



28067 






28095 95972 



2§123 
28160 
28178 
28206 
28234 
28262 
28290 
28318 
28346 
28374 
28402 
28429 
28457 
28485 
28613 
26641 
28661* 
28597 
28625 
28(^62 



95964 
95966 
95948 
96940 
95931 
96923 
95915 
95907 
95898 
96890 
96882 
95874 



95867 
95849 
96841 
96832 
95824 
96816 
:i6807 



58680 96799 



28708 
2873b 
Si8764 
28792 
28820 
2884-7 
28876 
2890; 
289^1 
£8951; 
2898' 
29016 
29042 
290; U 
29098 
29126 
29154 
29182 
2920v' 
29247 



95791 
96782 
96774 
95766 
96757 
J5749 
95740 
95732 
t>o-|24 
95716 
96707 
96698 
i;5690 
95b81 
96673 
95664 
95666 
96t>47 
96639 
J56S0 



60 
69 
66 

67 
56 
56 
54 
63 
63 
51 
60 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 
39 
38 
37 
86 
36 
34 
33 
33 
31 
30 
29 
28 
27 
26 
25 
24 
23 
'^2 
21 
i:0 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




N. c-op. X.fiine. 



Log. BinM and Tragents. (17°) Natnnl Binei. 



TABLE n. 



giiie. ID. loq Ooalne. iD. 10" 



D. W^ Ootang. 



Tang. 



JS7> 





1 

3 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

U 

16 

16 

17 

18 

19 

30 

SI 



34 
26 
26 
37 
28 
29 
30 
31 
32 
83 
34 
36 
36 
87 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
57 
68 
69 



J9.466936 
466348 
466761 
467173 
467686 
467996 
468407 
468817 
469227 
469637 
470046 

9.470466 
470663 
471271 
471679 
472086 
472492 
472898 
473304 
473710 
474116 

9.474619 
474923 
476327 
476730 
476133 
476636 
476938 
477340 
477741 
478142 

9.478642 
478942 
479342 
479741 
480140 
480639 
480937 
481334 
481731 
482128 

9.482626 
482921 
483316 
483712 
484107 
484601 
484896 
486289 
486682 
486076 

9.486467 
486860 
487261 
487643 
488034 
488424 
488814 
489204 



68.8 
68.8 
68.7 
68.6 
68.6 
68.6 
68.4 
68.3 
68.3 
68.2 
68.1 
68.0 
68.0 
67.9 
67.8 
67.8 
67.7 
67.6 
67.6 
67.6 
67.4 
67.4 
67.3 
67.2 
67.2 
67.1 
67.0 
66.9 
66.9 
66.8 
66.7 
66.7 
66.6 
66.6 
66.6 
66.4 
66.3 
66.3 
66.2 
66.1 
66.1 
66.0 
66.9 
66.9 
65.8 
65.7 
65.7 
66.6 
65.6 
66.6 
65.4 
66.3 
66.3 
65.2 
66.1 
66.1 
65.0 
66.0 
64.9 
64.8 



.980696 
980668 
980619 
980480 
980442 
980403 
980364 
980326 
960286 
980247 
960208 
.980169 
980130 
960091 
960062 
960012 
979973 
979934 
979896 
979866 
979816 
.979776 
979737 
979697 
979668 
979618 
979579 
979639 
979499 
979469 
979420 
.979380 
979340 
979300 
979260 
979220 
979180 
979140 
979100 
979059 
979019 
.978979 
978939 
978898 
978868 
978817 
978777 
978736 
978696 
978656 
978616 
.978574 
978533 
978493 
978462 
978411 
978370 
978329 
978288 
978247 
978206 



.486339 
486791 
486342 



487143 
487693 
488043 
488492 
488941 
489390 
489838 

.490286 
490733 
491180 
491627 
492073 
492519 
492965 
493410 
493864 
494299 

.494743 
496186 
496630 
496073 
496616 
496957 
497399 
497841 
468282 
498722 

.499163 
499603 
600042 
600481 
600920 
601359 
601797 
602235 
602672 
603109 

.603646 
503982 
604418 
604854 
606289 
606724 
606159 
606693 
607027 
507460 

.507893 
508326 
608759 
609191 
609622 
610064 
610485 
610916 
511346 
611776 



10.514661 
514209 
513768 
513307 
512867 
512407 
611957 
611608 
611059;! 



29237 



d6630 



29265 96622 
96613 
29321 96606 
2934896696 



610610 
610162; 

10.6097141 
509267 ! 
608820 1 
506373 1 
607927 
607481 1 
507035 1 
50(i5y0 
606140; 
605701 1 

10.505257 
504814 
504370 
603927 
603485 
503043 
602601 
602159 
501718 
601278 

10.600837 
600397 
499968 
499519 
499080 
498641 
498203 
497765 
497328 
496801 

10.496454 
496018 
495582 
49ol4i) 
494711 
49427a 
493841 
493407 
492973 
492540 

10.49-^107 
491674 
491241 
490809 
490378 
489946 
489515 
489084 
488654 
488224 



29376 

2940-]^ 
29432 
29460 
2948 
1 29515 
129543 
'29571 
\ 29599 
; 2962b 
'29654 



96588 
95579 
95671 
95562 
95554 
i^5546 
95536 
95528 
95519 
95511 
95502 



29682 95493 



29710 
29737 
29766 
; 29793 
29821 



954b5 
95476 
95467 
95459 
95450 



2984995441 



29876 



95433 



29904 95424 
29932 96415 
29960 95407 



2998/ 
30015 



95398 
95389 



30043 95380 



30071 



95372 



30098 95363 



80126 

30154 

30182 

30209 

3023 

30266 

30292 



95364 
95345 
95337 
95328 
95319 
95310 
96301 



30320 95293 
3034b 95284 



30376 
3(H03 
: 304^^1 
I 30459 
'30i«6 
30ul4 



95276 
95266 
9525 < 
9524ii 
95240 



30542 Jb-22U 



30570 
3059 < 
30625 



^5213 
95-.i04 
)51 J5 



Sine. 



Cotang. 
72 Degrees. 



Tang. 



30653 95186 
30680 95177 
30 < Ob 9516b 
30736 95159 
30763 95150 
30791 95142 
30819 95133 
30846 96124 
30874 95116 
30902 96106 



I N. cos.| N.Pine. 



60 
59 

68 
67 
66 
56 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
II 
20 
19 
IH 
1/ 
16 
15 
14 
13 

ri 

11 
10 



TABLBH. 



hog, BinM and Taagents. (18^ Nainnl Stiua, 



Siae. "pPTlyq OoBine. (P. lO^j Tang, p. KKI Cotang- ly.rine. N. eea. 




1 
2 
3 

4. 
6 
6 
7 
8 
9 
10 
11 
13 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
23 
23 
34 
26 
26 
27 
28 
29 
30 
31 
33 
33 
34 
36 
36 
37 
38 
*39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
63 
63 
64 
66 
66 
67 
68 
69 
60 



9.489982 
490371 
490769 
491147 
491636 
491922 
492306 



493061 
493466 
493861 
9.494236 
494621 
496006 
496388 
495772 
496164 
496637 
496919 
497301 
497682 

.498064 
496444 
498826 
499204 
499684 
499963 
600342 
600721 
601099 
601476 

.601854 
602231 
602607 
502984 
603360 
603736 
604110 
604486 
604860 
606234 

.606608 
606961 
606364 
606727 
607099 
607471 
607843 
606214 
608686 
606966 

.609326 



610066 
610434 
610603 
611172 
611640 
611907 
612276 
612642 



64.8 
64.8 
64.7 
64.6 
64.6 
64.6 
64.4 
64.4 
64.3 
64.2 
64.2 
64.1 
64.1 
64.0 
63.9 
63.9 
63.8 
63.7 
63.7 
63.6 
63.6 
63.6 
63.4 
63.4 
63.3 
63.2 
63.2 
63.1 
63.1 
63.0 
62.9 
62.9 
62.8 
62.8 
62.7 
62.6 
62.6 
62.6 
62.6 
62.4 
62.3 
62.3 
62.2 
62.2 
62.1 
62.0 
63.0 
61.9 
61.9 
61.8 
61.8 
61.7 
61.6 
61.6 
61.6 
61.6 
61.4 
61.3 
61.3 
61.2 



.978206 
978166 
978124 
978063 
978042 
978001 
977969 
977918 
977877 
977836 
977794 

.977762 
977711 
977669 
977628 
977686 
977644 
977603 
977461 
977419 
977377 

.977336 
977293 
977261 
977209 
977167 
977126 
977063 
977041 
976999 
976967 

.976914 
976872 
976830 
976787 
976746 
976702 
976660 
976617 
976674 
976632 

.976489 
976446 
976404 
976361 
976318 
976276 
976232 
976189 
976146 
976103 

.976060 
976017 
976974 
976930 
976887 
976844 
976800 
976767 
976714 
976670 



Gofljne. 



.611776 
613206 
613636 
613064 
613493 
613931 
614349 
614777 
616304 
616631 
616067 

.616484 
616910 
617336 
517761 
618186 
618610 
619034 
619468 
619882 
630306 

.620738 
621151 
621673 
631995 
533417 
633838 
633359 
623680 
634100 
634620 

.634939 
636369 
636778 
636197 
636616 
627033 
637461 
637868 
638386 
628702 

.629119 
639635 
629960 
630366 
630781 
681196 
631611 
632026 
632439 
633863 

.633266 
633679 
634092 
634604 
634916 
636328 
636739 
636160 
636661 
636973 



71.6 
71.6 
71.6 
71.4 
71.4 
71.8 
71.3 
71.2 
71.3 
71.1 
71.0 
71.0 
70.9 
70.9 
70.8 
70.8 
70.7 
70.6 
70.6 
70.6 
70.5 
70.4 
70.3 
70.3 
70.3 
70.3 
70.3 
70.1 
70.1 
70.0 
69.9 
69.9 
69.8 
69.8 
69.7 
.7 
69.6 
69.6 
69.6 
.6 
.4 
69.3 
69.8 
69.3 
69.3 
1.1 
.1 
.0 
69.0 
68.9 
68.9 
68.8 
68.8 
68.7 
68.7 
68.6 
68.6 
68.6 
68.6 
.4 



10 



10 



10.488234 
487794 
487366 
486936 
486607 
486079 
486661 
486333 
484796 
484369 
483943 
.483616 
483090 
483665 
483339 
481816 
481390 
480966 
480643 
480118 
479696 
479373 
478849 
478437 
478005 
477583 
477163 
476741 
476320 
475900 
475480 
475061 
474641 
474222 
473803 
473385 
472967 
472649 
472132 
471716 
471298 
470681 
470466 
470060 
469634 
469219 
468804 



10 



10 



10 



467975 
467561 
467147 
.466734 
466321 
466908 
466496 
466064 
464672 
464261 
463860 
463439 
463028 



CJotang. 



71 Degrftea. 



Tang. 



3090296106 



30929 
30967 
30986 
31013 



96097 
96068 
96079 
95070 



3104096061 



31068 
31095 
31123 
31151 
31178 
31306 
31333 
31361 
31389 
31316 
31344 



95053 
95043 
96033 
95024 
96016 
95006 
94997 
94988 
94979 
94970 
94961 



3137294962 



31399 
31427 
31454 
31483 
31510 
31637 
31665 
3169394878 



94943 
94933 
94924 
94915 
94906 
94897 



31620 



94869 



3164894860 



31675 
31703 
31730 



94B51 
94842 
94832 



3175894823 
3178694814 



31813 
31841 
31868 
31896 
31923 
31961 
31979 
32006 
32034 
33061 
33089 
33116 



94806 
94795 
94786 
94777 
94768 
94758 
94749 
94740 
94730 
94731 
94713 
94703 



3314494693 



32171 
32199 
32227 
32250 



32309 



32364 



32419 
32447 



94684 
94674 
94666 
94666 
94646 
94637 
94627 
94618 
94609 
94699 
94690 



3247494680 



32602 
32629 
32667 



94571 
94661 
94652 



60 
69 
68 
67 
66 
66 
54 
53 
52 
51 
50 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 
39 
38 
37 
36 
36 
34 
33 
32 
31 
30 
29 
28 
27 
36 
36 
24 
33 
33 
31 
30 
19 
18 
17 
16 
16 
14 
13 
13 
11 
10 
9 
8 
'7 
6 
5 
4 
3 
3 
1 




N. COS. N.Bine. ' 



40 



Log. Sinet ud Taiig«nU. (10°) Nfttoral Sines. TABLE IL 





1 

3 

8 

4 

6 

6 

7 

8 

9 

10 

11 

13 

13 

14 

16 

16 

17 

18 

19 

30 

31 

33 

33 

34 

36 

36 

37 



81 
83 
38 
34 
36 
36 
87 
88 
39 
40 
41 
43 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 
60 



Bine. 



9.613643 
613009 
613376 
613741 
614107 
614473 
614837 
616203 
616666 
616930 
616394 

9.616667 
617030 
617383 
617746 
618107 
618468 
618829 
619190 
619661 
619911 

9.630371 
630631 
630990 
631349 
631707 
633066 
633434 
633781 
633138 
633496 

9.633863 
634306 
634664 
634930 
636376 
636680 
636984 
626339 



627046 
9.627400 
627763 
628106 
628468 
628810 
629161 
629613 
629864 
630216 
630666 
9.630916 
631266 
631614 
631963 
632312 
632661 
633009 
633367 
633704 
634062 



.H/' 



61.2 
61.1 
61.1 
61.0 
60.9 
60.9 
60.8 
60.8 
60.7 
60.7 
60.6 
60.6 
60.6 
60.4 
60.4 
60.3 
60. 8 
60.3 
60.1 
60.1 
60.0 
60.0 
69.9 
69.9 
69.8 
69.8 
69.7 
69.6 
69.6 
69.6 
69.6 
69. 4 
69.4 
69.8 
69.3 
69.3 
69.1 
69.1 
69.0 
69.0 
689 
68.9 
68.8 
68.8 
68.7 
68 7 
68.6 
68.6 
68.6 
68.6 
68.4 
68.4 
68.3 
58.3 
68.3 
68.1 
68.1 
68.0 
58.0 
67.9 



Ccwuiu. 



1>. io" 



.976670 
9766-27 
976583 
975639 
976496 
976453 
976408 
976366 
976331 
976277 
976333 

.976189 
976146 
976101 
976067 
976013 
974969 
974936 
974880 
974836 
974793 

.974748 
974703 
974669 
974614 
974670 
974636 
974481 
974436 
974391 
974347 

.974303 
974267 
974212 
974167 
974122 
974077 
974033 
973967 
973943 
973897 

.973863 
973807 
973761 
973716 
973671 
973636 
973680 
973636 
973489 
973444 

.973898 
973352 
973307 
973261 
973216 
973169 
973124 
973078 
978032 
973986 



7.3 
7.3 
7.8 
7.3 
7.3 
7.8 
7.8 
7.8 
7.3 
7.8 
7.3 
7.3 
7.8 
7.3 
7.8 
7.3 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.6 
7.6 
7.6 
7.5 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.5 
7.5 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.7 



9.536972 
537382 
537792 
638202 
638611 
639020 
639429 
639837 
640346 
640663 
641061 

9.641468 
641876 
642281 
642688 
643094 
643499 
643906 
644310 
644716 
646119 

9.646634 
646928 
646331 
646736 
647138 
647540 
647943 
648346 
648747 
649149 

9.649560 
649961 
660362 
660763 
661163 
661663 
661963 
662361 
662750 
553149 

9.563648 
663946 
664344 
664741 
666139 
565536 
666933 
666329 
666726 
667121 

9.667617 
667913 
658308 
668702 
669097 
669491 
559886 
660279 
660673 
661066 



l).l\/1 Cotang. i|N.gine. N. cos. 



66 



66 



10.463028 
462618 
462208 
461798 
461389 
460980 
460671 
460163 
469766 
459347 
468939 

10.458632 
468126 
457719 
457312 
466906 
466501 
456095 
465690 
466286 
454881 

10.464476 
454072 
463669 
463266 
462862 
462460 
462057 
461656 
461263 
460851 

10.460450 
450049 
449648 
449348 
448848 
448448 
448048 
447649 
447250 
446851 

10.446462 
446064 
446656 
446269 
444861 
444464 
444067 
443671 
443276 
442879 

10.442483 
442087 
441692 
441298 
440903 
440509 
440116 
439721 
439327 
438934 



32667 94662 



32584 
32612 



32667 

32694 

32722 

32749 

32777 

32804 

32832 

32859 

32887 

32914 

32942 

329liy 

32997 

33024 

33051 

33079 

33106 

33134 

33161 

33189 

33! 

33244 

33271 

332y8 

33326 

33353 

33381 

33406 

3343b 

33463 



1 1 33490 94225 



'33518 
1 33546 
133673 
; 33600 
1 33627 



33682 
83710 
33737 
33764 
33792 
33819 
33846 
33874 
33901 
133929 
1 33950 
'33983 
134011 
134038 
34065 
134093 
34120 
! 34147 
134176 
134202 



94642 
94633 
94623 
94614 
94604 
94495 
94485 
94476 
94466 
94457 
94447 
94438 
94428 
94418 
94409 
94399 
94390 
94380 
94370 
943G1 
94351 
94342 
94332 
11694322 
94313 
94303 
94293 
94284 
94274 
94264 
94264 
94246 
94236 



94215 
94206 
94196 
94186 
94176 



33665 94167 



94167 
94147 
94137 
94127 
94118 
94108 
94098 
94088 
94078 
94068 
94058 
94049 
94039 
94029 
94019 
94009 
93999 
93989 
93979 
93969 



60 
69 
68 
67 
66 
66 
64 
53 
62 
61 
60 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
36 
34 
33 
Ii2 
Ul 
30 
29 
-28 
2? 
ilb 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
16 
14 
13 
13 
11 
10 
9 
8 
7 
6 
6 
4 
3 
2 
1 




Cosine. 



Ootans- 
70 Degreea. 



Tang. 



11 N. 0O8. N.8ine. 



TABLE n. 



Log. gines and Tangents. (20°) NaturaJ 8iB«a. 



41 



Sine. 



p. 10" 



Cosine. |D. lO' 



1 

S 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 



30 
31 
32 
33 
84 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
63 
54 
65 
56 
57 
68 
69 
60 



9.634062 
634399 
634746 
536092 
636438 
635783 
636129 
536474 
536818 
637163 
637507 

9.637851 
538194 
638638 
638880 
639223 
539666 
639907 
640249 
640590 
540931 

9.641272 
641613 
641963 
642293 
542632 
642971 
643310 
648649 
543987 
544326 

9.644663 
645000 
645338 
646674 
546011 
646347 
646683 
647019 
647354 
647689 

9.548024 
648369 
548693 
649027 
549360 
649693 
550026 
650369 
550692 
651024 

9.651356 
561687 
552018 
552349 
562680 
653010 
663341 
553670 
554000 
664329 



Ck>8ine. 



67.8 
67.7 
67.7 
57-7 
57.6 
57.6 
57.6 
67.4 
57.4 
67.3 
67.3 
67.2 
67.2 
57.1 
67.1 
57.0 
57.0 
56.9 
56.9 
56.8 
56.8 
56.7 
56.7 
66.6 
66.6 
56.6 
66.6 
66.4 
56.4 
66.3 
56.3 
66.2 
56.2 
56.1 
66.1 
66.0 
66.0 
66.9 
56.9 
55.8 
65.8 
56.7 
55.7 
55.6 
65.6 
56.6 
55.5 
65.4 
65.4 
55.3 
55.3 
66.2 
65.2 
55.2 
66.1 
55.1 
55.0 
56.0 
64.9 
64.9 



9.972986 
972940 
972894 
972848 
972802 
972766 
972709 
972663 
972617 
972670 
972624 

9.972478 
972431 
972386 
972338 
972291 
972245 
972196 
972161 
972106 
972068 

9.972011 
971964 
971917 
971870 
971823 
971776 
971729 
971682 
971636 
971688 

9.971640 
971493 
971446 
971398 
971361 
971303 
971256 
971208 
971161 
971113 

9.971066 
971018 
970970 
970922 
970874 
970827 
970779 
970731 
970683 
970636 

9.970686 
970638 
970490 
970442 
970394 
970346 
970297 
970249 
970200 
970162 



Sine. 



7.7 

7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.9 
7.9 
7.9 
7.9 
7.9 
7.9 



7.9 
7.9 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8,0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.1 
8.1 
8.1 
8.1 



Taiij;. 



D. 10' 



.5G106(i 
5ol469 
561851 
562244 
562636 
563028 
563419 
663811 
664202 
664692 



.666373 
666763 
666163 
666542 



667320 
667709 
668098 
668486 
668873 

.669261 
669648 
670036 
670422 
670809 
671196 
571581 
671967 
672362 
572738 

.673123 
573607 
673892 
674276 
574660 
676044 
676427 
675810 
676193 
676576 

.676958 
677341 
677723 
678104 
678486 
678867 
579248 
579629 
680009 
580389 

.580769 
681149 
581528 
581907 
582286 
682666 
583043 
583422 
583800 
684177 



Cotang. 
09 Degreeg. 



34202 
34229 
34257 
34284 
34311 
34339 
34366 



93969 
93959 
93949 



93929 
93919 



3442193889 

3444893879 

34475 

34603 

34630 

34657 

3468493829 



93849 



34612 
34639 
34666 
34694 
34721 
34748 
847'/ 6 
348U3 
34830 
34867 
34884 
34912 



93819 
93809 
93799 
93789 
93779 
93769 
93759 
93748 
9373b 
9372b 
93718 
93708 



CuUug. N. sine. N. cos. 

10.438934 

438541 

438149 

4377561' 

437364 

436972 

436581 

436189 

436796 

436406 

435017 
10.434627 

434237 

433847 

433468 

433068 

432680 

482291 

431902 

481614 

431127 
10.4307^ 

43t)y62 

4299i>5 

429578,, 

429191 H 

428805 

428419 

428033 

427648 

427262 
10.426877 

426493 

426108 

426724 

425340 

424956 

424673 

424190 

423807 

423424 
10.423041 

422659 

422277 

421896 

4215141 

421133 

420752 

420371 

419991 

419611 
10.41&231 

418851 

418472 

418093 

417714 

417336 

416957 

416578 

416200 

416823 



Tang. 



3493993698 

34966 

34993 

35021 

36048 

35076 

36102 

35130 

35167 

36184 

35211 

35239 

36266 

35293 

35320 

35347 

35375 

3640i' 

36429 

3545b 

35484 

35611 

35538 

35566 

35592 

36619 

35647 

35674 

35701 

3572b 

35765 

3578:^ 

36810 

3583' 



93677 
93667 
93667 
93647 
93637 
93626 
93616 
93606 
93696 
93685 
93576 
93565 
93565 
93544 
93534 
93524 
93514 
93503 
93493 
93483 
93472 
93462 
93452 
93441 
93431 
93420 
93410 
93400 
933b9 
93379 
93368 
9336b 
N. COP. N.sino. 



60 

59 

68 

67 

66 

65 

54 

63 

58 

6] 

60 

49 

48 

47 

46 

46 

44 

43 

42 

41 

40 

39 

38 

37 

36 

36 ! 

34 

33 

32 

31 

30 

29 

28 

•n 

26 
24 
28 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8 

7 

6 

5 

4 

3 

2 

1 





43 



Log. SiiMS ttDd Tangenti. (21°) Nsfcnnl SinM. 



TABLE n. 





1 

3 

8 

4 

6 

6 

7 

8 

9 

10 

11 

13 

13 

14 

16 

16 

17 

18 

19 

30 

31 

33 

33 

34 

35 

36 

37 

38 

39 

30 

31 

33 

33 

84 

36 

36 

87 

38 

39 

40 

41 

Aa, 

43 
44 
46 
46 
47 
48 
49 
60 
61 
53 
63 
64 
66 
66 
67 
68 
69 



19.654339 
654668 
664987 
655316 
555643 
655971 



656953 

567380 

567606 

9.567933 

668368 



Stne. 



ID. 10* 



668909 
669234 
55»558 
669883 
660307 
660531 
560855 

9.661178 
661501 
6618^ 
562146 
662468 
662790 
663112 
563433 
663765 
564075 

9.564396 
564716 
665036 
666366 
666676 
666995 
666314 
666632 
566961 
667269 

9.667587 
667904 
668333 



668866 
669173 
669488 
669804 
670130 
570436 
9.670761 
671066 
671380 
571696 
673009 
673333 
572636 
572950 
573363 
673675 



Oosine. 



54.8 
64.8 
54.7 
54.7 
64.6 
54.6 
64.6 
64.5 
64.4 
54.4 
64.3 
54.3 
54.3 
64.3 
64.2 
64.1 
54.1 
54.0 
54.0 
53.9 
63.9 
53.8 
53.8 
53.7 
63.7 
53.6 
53.6 
53.6 
53.6 
53.5 
53.4 
63.4 
63.3 
63.3 
63.3 
63.2 
63.1 
53.1 
53.1 
53.0 
53.0 
62.9 
52.9 
52.8 
52.8 
52.8 
52.7 
52.7 
52.6 
52.6 
62.5 
52.6 
62.4 
62.4 
62.3 
52.3 
52.3 
^2.2 
52.3 
62.1 



D.10" 



.970162 
970103 
970055 
970006 
969967 



969811 
969762 
969714 



.969616 
969567 
969618 



969430 



969321 
969272 



969173 
.969124 
969075 
969025 
968976 
968926 
968877 
968827 
968777 
968728 
968678 
9.968628 
968578 
968538 
968479 
968439 
968379 



968378 



968178 
.968128 
968078 
968027 
967977 
967927 
967876 
967836 
967775 
967725 
967674 
.967624 
967673 
967622 
967471 
967421 
967370 
967319 
967268 
967217 
967166 



Sine. 



8.] 
8.1 
8.1 
8.1 
8.1 
8.1 
8.1 
8.1 
8.1 
8.1 
8.1 
8.3 
8.3 
8.3 
8.S 
8.2 
6.2 
8.2 
8.2 
8.2 
8.S 
8.2 
8.2 
8.2 
8.2 
8.S 
8.3 
8.3 
8.3 
8.8 
8.8 
8.8 
8.3 
8.3 
8.3 
8.8 
8.8 
8.8 
8.8 
8.4 
8.4 
8.4 
8.4 
8.4 
8.4 
8.4 
8.4 
8.4 
8.4 
8.4 
8.4 
8.4 
8.4 
8.6 
8.5 
8.6 
8.5 
8.5 
8.5 
8.5 



Tang. 



.584177 
584555 
584932 
585309 
686686 
586063 
686439 
686815 
687190 
687566 
687941 
.588316 
688691 
589066 
689440 
589814 
690188 
590562 
590935 
591306 
591681 
.692064 
592412<S 
593796 
693170 
693543 
593914 
694386 
694666 
696027 
595396 
.695768 
596138 
596506 
696878 
697247 
697616 
697985 
698354 
696733 
699091 
9.699459 
699827 
600194 
600562 
600939 
601296 
601662 



602761 
.603127 



604223 
604588 
604963 
605317 
605682 
603046 
606410 



Ck)tang. 



D. 10" 



62.9 
62.9 
62.8 
62.8 
62.7 
62.7 
62.7 
62.6 
62.6 
62.5 
63.5 
63.5 
62.4 
62.4 



62.3 
62.2 
62.2 
62.2 
62.1 
62.1 
62.0 
62.0 
61.9 
61.9 
61.8 
61.8 
61.8 
61.7 
61.7 
61.7 
61.6 
61.6 
61.6 
61.5 
61.6 
61.5 
61.4 
61.4 
61.3 
61.3 
61.3 
61.2 
61.2 
61.1 
61.1 
61.1 
61.0 
61.0 
61.0 
60.9 
60.9 
60.9 
60.8 
60.8 
60.7 
60.7 
60.7 
60.6 



Gotang. I Njinc. N. ooa. 



10, 



10 



10 



10 



10 



415823 
415445 
415068 
414691 
414314 
413938 
413561 
413185 
412810 
412434 
412059 
411684 
411309 
410934 
410560 
410186 
409812 
4094d» 
409065 
408692 
408319 
407946 
407574 
407202 
406829 
406458 
406086 
405715 
405344 
404973 
404602 
404232 
403862 
403492 
403122 
402753 
402384 
402016 
401646 
401278 
400909 
400641 
400173 



35837 
35864 



35891 93337 



35918 
35945 
3597{> 
36000 
36027 



36054 93274 



36081 



93264 



36108 93253 

36135 93248 

36162 93232 

3619093222 

36217 93211 

1 136244 93201 

113627198190 

!l 36298 98180 



36325 



136352 93159 
136379 93148 



136406 
; 36434 
36461 



l>3137 
93127 
a3116 



3648893100 
36515 98095 
36542 93084 
3G569 93074 



36596 
36623 



36921 



10 



899071 

398704 

898338 

897971 

397605 !!37164|92838 

397289 ! 37191 

.396873 

396507 

37272 |t)2794 
37299 92784 
37326 92773 
37353 92762 
37380 92751 
37407 92740 
3743492729 
37461 92718 



396142 
895777 
895412 
395047 



, 92827 

137218 92816 
37246 92805 



894318 



393590! 



Tang. llN.cog.lN.8lDe! ' 



93358 
93348 



93327 
93316 
93306 
93295 
93285 



:^8169 



930G3 
93052 



3665093042 
36677 93031 
36704 98020 
36731 93010 
36758 92999 



36785 
36812 92978 



92988 
92978 
92967 
36867 92956 
36894 92945 



92935 



36975 92913 
37002 92902 
37029 92892 
3706692881 
37083 92870 
37110 92859 
37137 92849 



60 

59 

67 
5(i 
55 
54 

6a 

52 
Dl 
50 
4y 
4« 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 



I De«nMa. 



Log. SinM and Tangents. (22°) Nafcoral Sines. 



43 



Sine. O. 10^ Cosine. 





1 
a 

4 

6 
7 
8 
9 
10 
11 
12 
IS 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
56 
66 
67 
68 
69 
60 



9.573676 
573888 
574200 
674613 
674824 
676136 
576447 
576768 
676069 
576379 
576689 

9.676999 
677309 
677618 
677927 
678236 
678646 
678863 
679162 
679470 
579777 

9.680066 
680392 



581005 
681312 
681618 
681924 
582229 
682635 
582840 

9.683145 
683449 
683764 
684068 
584361 
584665 
584968 
685272 
586674 
686877 

9.586179 
586482 
586783 
687086 
587386 
587688 
587989 
588289 
588590 
588890 

9.589190 
689489 
589789 
590088 
690387 
590686 
590984 
691282 
591680 
591878 



Cosine. 



62.1 
52.0 
53.0 
51.9 
51.9 
51.9 
51.8 
51.8 
51.7 
61.7 
61.6 
51.6 
51.6 
51.6 
61.5 
51.4 
61.4 
61.3 
61.3 
61.3 
61.2 
51.2 
61.1 
61.1 
61.1 
51.0 
61.0 
60.9 
60.9 
60.9 
60.8 
60.8 
50.7 
60.7 
60.6 
60.6 
50.6 
50.5 
50.5 
50.4 
60.4 
60.3 
60.3 
60.3 
50.2 
50.2 
60.1 
60.1 
60.1 
60.0 
60.0 
49.9 
49.9 
49.9 
49.8 
49.8 
49.7 
49.7 
49.7 
49.6 



967166 
967115 
967064 
967013 
966961 
966910 
966859 
966808 
966766 
966706 
966653 
966602 
966550 
966499 
966447 



966344 



9. 



966240 
966188 
966136 
966085 
966033 
965981 
965928 
965876 
966834 
965772 
965720 
965668 
965616 
966563 
965611 
965458 
966406 
965353 
965301 
965248 
965195 
966143 
965090 
966037 
964984 
964931 
964879 
964826 
964773 
964719 
964666 
964613 
964660 
,964607 
964464 
964400 
964347 
964294 
964240 
964187 
964133 
964060 
964026 



Sine. 



D. W Tang. |D. KX' 



8.6 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
P. 6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.6 
8.7 
8.7 



8.7 
8.7 
8.7 
8.7 
8.7 
8.7 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.9 
8.9 
8.9 
8.9 
8.9 
8.9 
8.9 
8.9 
8.9 
8.9 
8.9 
8.9 



.606410 
606773 
607137 
607600 
607863 
608225 
608688 
608950 
609312 
609674 
610036 
.610397 
610759 
611120 
611480 
611841 
613201 
612561 
612921 
613281 
613641 
.614000 
614359 
614718 
615077 
61M35 
61ff793 
616151 
616509 
616867 
617224 
,617682 
617939 
618296 
618652 
619006 
619364 
619731 
620076 
620433 
620787 
.621142 
621497 
621862 
622207 
622561 
632916 
623269 



623976 
624330 
.624683 
626036 
626388 
626741 



626445 
626797 
627149 
627501 
627862 



60.6 
60.6 
60.6 
60.5 
60.4 
60.4 
60.4 
60.3 
60.3 
60.3 
60.3 
60.2 
60.2 
60.1 
60.1 
60.1 
60.0 
60.0 
60.0 
59.9 
69.9 
59.8 
59.8 
59.8 
59.7 
69.7 
59.7 
59.6 
69.6 
69.6 
69.6 
59.5 
69.5 
59.4 
69.4 
69.4 
69.3 
69.3 
59.3 
59.2 
69.2 
59.2 
69.1 
59.1 
69.0 
69.0 
69.0 
68.9 
58.9 
68.9 
58.8 
68.8 
68.8 
68.7 
68.7 
68.7 
58.6 
68.6 
68.6 
58.5 



TT 



Cotang. 
67 Degrees. 



Cotang. 



10.393690 



392863 
892600 
392137 
891775 
391412 
891060 
890688 



N.Bine.|N.cos.| 



37461 92718 
92707 



92697 



389964 
10.889603 
889241 
888880 
888620 
888169 
887799 
887439 
887079 
886719 



10.386000 
885641 
885282 
884923 
384665 
384207 
883849 
883491 
883133 
382776 

10.382418 
382061 
381706 
381348 
380992 
380636 
. 380279 
379924 
379668 
379213 

10.378858 
878503 
878148 
877793 
377439 
377085 
376731 
876377 
376024 
376670 

10.376317 
374964 
374612 
374269 
373907 
373656 
873203 
372851 
872499 
372148 



Tang. 



137488 
37516 
37642 
37569 92675 
3759692664 
37622 92653 
3764992642 
37676 
37703 



92631 
92620 
3773092609 
37767 92598 
3778492587 



37811 
37838 
37866 



92676 
92566 
92654 



37973 



38053 



38107 
38134 
38161 
38188 
38215 
38241 



38296 
38322 
38349 
38376 
38403 
38430 



3789292543 
3791992633 
3794692621 



92610 



3799992499 
38026 92488 



92477 



3808092466 



92465 
92444 
92432 
92421 
92410 
92399 
92388 
92377 
92366 
92365 
92343 
92332 
92321 



38456|92310 
3848392299 



38510 
38637 
38664 
38691 
38617 



92287 
92276 
92266 
92254 
92243 



38726 
38752 

38778 
38805 
38832 



38912 



38993 
39020 
39046 
39073 



3864492231 
38671 92220 
92209 
92198 
92186 
92175 
92164 
92152 
92141 
3888692130 



92119 
92107 
92096 
92086 
92073 
92062 
92050 



N. COS. N.sine. 



60 
69 
58 
57 
56 
65 
64 
63 
62 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 



44 



Log. SinM snd Tangents. (23°) Natural Sinei. 



TABLE n. 



0|9 
1 
3 
8 

4 

6 

6 

7 

8 

9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 



693956 
694251 
694647 
694S42 
9.695137 
695432 
695727 
696021 
696315 
696609 



Sine. B 10" Cosine. 



.691878 
692176 
592473 
692770 
693067 
693363 



697196 
697490 
697783 

9.698075 
698368 
698660 
698952 
699244 
699536 
699827 
600118 
600409 
600700 

9.600990 
601280 
601670 
601860 
602150 
602439 
602728 
603017 
603306 
603694 

9.603882 
604170 
604457 
6U4745 
605032 
605319 
605606 
605892 
606179 
606465 

9.606761 
607036 
607322 
607607 
607892 
608177 
608461 
608746 
609029 
609313 



Cosine. 



49.6 
49.6 
49.6 
49.6 
49.4 
49.4 
49.8 
49.8 
49.3 
49.2 
49.2 
49.1 
49.1 
49.1 
49.0 
49.0 
48.9 
48.9 
48.9 
48.8 
48.8 
48.7 
48.7 
48.7 
48.6 
48.6 
48.6 
48.6 
48.6 
48.4 
48.4 
48.4 
48.3 
48.3 
48.2 
48.2 
48.2 
48.1 
48.1 
48.1 
48.0 
48.0 
47.9 
47.9 
47.9 
47 8 
47.8 
47.8 
47.7 
47.7 
47. 6 
47. 6 
47. 6 
47.6 
47.6 
47.4 
47.4 
47.4 
47.8 
47.8 



I). 10" Tang. 



.964026 
963972 



963866 
963814 
963757 
963704 
963660 



963642 
963488 
.963434 
963379 
963326 
963271 
963217 
963163 
963108 
963054 



962945 
.962890 
962836 
962781 
962727 
962672 
962617 
962662 
962508 
962453 
962398 
.962343 
962288 
962233 
962178 
962123 
962067 
962012 
961957 
961902 
961846 
.961791 
961735 
961680 
961624 
961569 
961513 
961468 
961402 
961346 
961290 
.961235 
961179 
961123 
961067 
961011 
960955 
960899 
960843 
960786 
960730 



Sine. 



8.9 

8.9 

8.9 

9.0 

9.0 

9.0 

9.0 

9.0 

9.0 

9.0 

9.0 

9.0 

9.0 

9.0 

9.0 

9.0 

9.0 

9. 

9. 

9. 

9. 

9. 

9. 

9. 

9. 

9. 

9. 

9. 

9. 

9. 

9 2 

9.2 

9.2 

9.2 

9.2 

9.2 

9.2 

9.2 

9.2 

9.2 

9.2 

9.2 

9.2 

9.2 

9.3 

9.3 

9.3 

9.3 

9.3 

9.3 

9.3 

9.3 

9.3 

9.8 

9.3 

9.3 

9.3 

9.3 

9.4 

9.4 



627852 
628203 
628554 



629266 
629606 
629956 
630306 
630656 
631006 
631366 

.631704 
632063 
632401 
632760 
633098 
633447 
633796 
634143 
634490 
634838 

.635185 
635532 
635879 
636226 
636572 
636919 
637265 
637611 
637956 
638302 

.638647 



639337 
639682 
640027 
640371 
640716 
641060 
641404 
641747 
.642091 
642434 
642777 
643120 
643463 
643806 
644148 
644490 
644832 
645174 
.645516 
646857 
646199 
646540 
646881 
647222 
647662 
647903 
648243 
648583 



Cotang. 
66 Degrees. 



68.5 
58.6 
58.6 
68.4 
68.4 
68.8 
58.8 
68.3 
68.3 
68.2 
68.2 
68.2 
68.1 
58.1 
68.1 
68.0 
58.0 
58.0 
57.9 
57.9 
67.9 
67.8 
57.8 
57.8 
57.7 
57.7 
57.7 
67.7 
67.6 
57.6 
67.6 
57.5 
67.6 
67.5 
57.4 
57.4 
67.4 
67.3 
67.3 
67.3 
67.2 
57.2 
67.2 
67.2 
67.1 
67.1 
67.1 
57.0 
67.0 
67.0 
66.9 
66.9 
66.9 
66.9 
66.8 
66.8 
66.8 
66.7 
66.7 
66.7 



Cotang. I N. si ne. N. cos. 



10.372148 39073 92050 
3717971,89100 92039 
371446 39127 92028 
371096 1 ! 39163 9t?(U6 
87074511 39180 92005 
370394 1 139207 191994 
370044 



368996 
368646 
10.868296 
367947 
867699 
367260 



366558 
866206 
365867 
365610 
365162 

10.364816 
364468 
364121 
363774 
363428 
363081 
362736 
362389 
362044 
361698 

10.361353 
361008 
360668 
360318 
369973 
359629 
359284 
368940 
358596 
358253 

10.357909 
357566 
357223 
356880 
356637 
356194 
355852 
366510 
355168 
354826 

10.354484 
354148 
353801 
363460 
363119 
352778 
352438 
352097 
851767 
351417 



1 39234 91982 
, 39260 91971 
1 3928'? 91959 
139314 91948 



39688 
39715 
39741 



40035 
40062 



40221 



40355 
40381 
4040S 



40461 



40614 
40641 
40567 
40594 



Tangi I N. oos. N.aine. 



39341 
39367 91925 
39394191914 
39421 
39448191891 
39474 91879 
39501 91868 
91866 
39555 91846 
39681 91833 
39608 91822 
39636 91810 
39661 91799 
91787 
91776 
91764 
39768 91752 
89795 91741 
39822 91729 
39848 91718 
39875 91706 
39902 91694 
39928 91683 
39955 91671 
39982 91660 
40008 91648 



91636 
91625 



40088 191613 
40115 91601 
40141 91590 
40168 91578 
40195 91566 



91555 



40248 91543 
40275 91631 
40301 91519 
40328 91508 



91496 
91484 
91472 



40434 91461 



91449 



4048891437 



91426 
91414 
91402 
91390 



40621 91878 
40647 91366 
40674 91356 



60 

'69 
68 
67 
66 
65 
64 
53 
52 
61 
50 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 
39 
38 
87 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 





Log. Sines and Tangents. (^°) Natoral Sines. 
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p. 10^^ Ootang. 



S!ne. 



.10" 



Oosine. jD. 10^ 



Tang. 



N. sine J N. COS. 





1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
IS 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
64 
66 
66 
57 
68 
69 
60 



9.609313 
609697 
609880 
610164 
610447 
610729 
611012 
611394 
611576 
611868 
612140 

9.612421 
612702 
612963 
613264 
613545 
613826 
614106 
614386 
614665 
614944 

9.615223 
615502 
616781 
616060 
616338 
616616 
616894 
617172 
617460 
617727 

9.618004 
618381 
618568 
618834 
619110 



619662 
619938 
620213 
620488 

9.620763 
621038 
621313 
621687 
621861 
622135 
622409 
622682 
622956 
623229 

9.623612 
623774 
624047 
624319 
624591 
624863 
626135 
625406 
626677 
625948 



47.3 
47.2 
47.2 
47.2 
47.1 
47,1 
47.0 
47.0 
47.0 
46.9 
46.9 
46.9 
46.8 
46.8 
46.7 
46.7 
46.7 
46.6 
46.6 
46.6 
46.6 
46.5 
46.6 
46.4 
46.4 
46.4 
46.3 
46.3 
46.2 
46.2 
46.2 
46.1 
46.1 
46.1 
46.0 
46.0 
46.0 
46.9 
46.9 
45.9 
45.8 
45.8 
46.7 
45.7 
46.7 
46.6 
45.6 
45.6 
45.6 
46.6 
45.5 
45.4 
45.4 
46.4 
46.3 
46.3 
46.3 
46.2 
45.2 
45.2 



960730 
960674 
960618 
960661 
960605 
960448 



960336 
960279 
960222 
960165 
.960109 
960062 
969995 



959826 
959768 
969711 
959654 
969696 
.959639 
959482 
959425 



959310 
969253 
969195 
959138 
969081 
969023 
.968965 
958908 
958850 
968792 
958734 
968^77 
968619 
958661 
958603 
968445 
.958387 
958329 
968271 
968213 
968164 
958096 
958038 
967979 
957921 
957863 
.967804 
957746 
967687 
957628 
957670 
957611 
957462 
957393 
957365 
957276 



Cosine. 



Sine. 



9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.5 
9.6 
9.5 
9.6 
9.6 
9.6 
9.5 
9.5 
9.5 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9-6 
9.6 
9.6 
9,6 
9.6 
9.7 
9,7 
9,7 
9.7 
9.7 
9.7 
9.7 
9.7 
9.7 
9.7 
9.7 
9.7 
9.7 
9.8 
9.8 
9.8 
9,8 
9.8 
9.8 
'9.8 
9.8 



648683 
648923 
649263 
649602 
649942 
650281 
650620 
650959 
651297 
661636 
661974 
662312; 
652650 
652988 
653326 
653663 
654000 
664337 
654174 
655011 
655348 
655684 
656020 
656366 
666692 
667028 
667364 
657699 
658034 
658369 
658704 
9.659039 
659373 
659708 
660042 
660376 
660710 
661043 
661377 
661710 
662043 

.662376 
662709 
663042 
663376 
663707 
664039 
664371 
664703 
665035 
665366 

.665697 
666029 
666360 
666691 
667021 
667352 
667682 
668013 
668343 
668672 



56.6 
56.6 
56.6 
56 6 
66.6 
56.6 
69.6 
56.4 
66.4 
66.4 
66.3 
56.3 
66.3 
56.3 
66.2 
66.2 
56.2 
56.1 
66.1 
66.1 
66,1 
66.0 
66.0 
66.0 
66.9 
55.9 
56.9 
65.9 
65.8 
66.8 
56.8 
56.8 
56,7 
55.7 
56,7 
56.7 
66.6 
66.6 
66.6 
56.6 
56.6 
65.6 
65.4 
56.4 
65.4 
65.4 
65.3 
55.3 
56.3 
55.3 
55.2 
55,2 
56.2 
55.1 
66.1 
55,1 
65.1 
65.0 
56.0 
55.0 



10.361417 
351077 
350787 
360398 
860058 
849719 
349380 
849041 
848703 
348364 
848026 

10.347688 
847360 
847012 
346674 
346337 
346000 
845663 
845326 



40674 



91356 



844652 
10.844316 
343980 
843644 
843308 
842972 
842636 
842301 
341966 
341631 
341296 
10.340961 
340627 
340292 
339958 
339624 
339290 
338957 



337967 
10.337624 
837291 



335961 



335297 
334965 
334634 
10.334303 
333971 
333620 
333309 
332979 
332648 
332318 
331987 
331657 
331328 



4070091343 



40727 
40753 



91331 
91319 



4078091307 
40806912^6 
40833 91283 
40860 91272 
40886 91260 
40913 91248 
40939 91236 
40966 91224 
40992 91212 
41019 91200 
41045 91188 
4107291176 
41098 91164 



41125 
41161 
41178 
41204 
41231 
41267 



91152 
91140 
91128 
91116 
91104 
91092 



4128491080 



41310 



91068 



41337 91066 
41363 91044 
41390 
4141691020 
41443 91008 
41469 90996 
4149690984 
4152290972 
41549 90960 
41575 90948 
4160290936 
41628190924 
41655 90911 
41681 90899 



41707 
41734 



90887 
90875 



4176090863 



41787 
41813 



90861 
90839 



4184090826 



41866 
41892 
41919 



90614 
90802 
90790 



41946 90778 
41972 90766 
41998 90753 
42024 90741 



42061 
42077 
42104 
42130 
42166 



90729 
90717 
90704 
90692 
90680 



42183 90668 



42209 
42236 
42262 



90665 
90643 
90631 



60 
59 
68 
67 
66 
65 
64 
53 
62 
61 
50 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 



37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

6 

4 

8 

2 

1 





Cotang. 
es Degrees. 



Tang. 



N. COS. N.8iDe. ' 
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Log. Sinet uid Taogents. (26^) Kaxnnl Sines. TABLE n. 



D. KK^I Cotang. [;N Jiine. N. oob. 



Sim, p. 10^ Ooaine. \D.W 



Tang. 




1 
3 
8 

4 
6 
6 
7 
8 
9 
10 
U 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
61 
52 
63 
54 
66 
66 
57 
68 
69 
60 



9.625948 
626219 
626490 
626760 
627030 
627300 
627570 
627840 
628109 
628378 
628647 

9.628916 
629185 
629453 
629721 



630257 
630524 
630792 
631059 
631326 
.631593 
631859 
632125 
632392 
632658 



633189 
633454 
633719 
633984 
.634249 
634514 
634778 
635042 
635306 
636570 
635834 
636097 



636623 
.636886 
637148 
637411 
637673 
637935 
638197 
638458 
638720 



639242 
9.639503 
639764 
640024 
640384 
640544 
640804 
641064 
641324 
641684 
641842 



9.957276 
967217 
957158 
957099 
957040 
966981 
956921 
956862 
966803 
956744 
956684 

9.956625 
956566 
956506 
956447 
956387 
966327 
956268 
956208 
956148 
956089 
956029 



955909 
955849 
956789 
965729 
955669 
955609 
955648 
965488 

9.955428 
955368 
955307 
965247 
956186 
955126 
956065 
955005 
954944 
954883 

9.954828 
964762 
954701 
954640 
954579 
964618 
954467 
954396 
964335 
954274 

9.954213 
954162 
954090 
954029 
953968 
953906 
953845 
953783 
963722 
953660 



9.8^' 

9.8 

9.8 

9.8 

9.8 

9.8 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 

0.0 

0.0 

0.0 9 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 



668673 
669002 



9. 



669661 
669991 
670320 
670649 
670977 
671306 
671634 
671963 
,672291 
672619 
672947 
673274 
673602 
673929 
674257 
674684 
674910 
675237 
675564 
675890 
676216 
676643 
676869 
677194 
677520 
677846 
678171 
678496 
678821 
679146 
679471 
679796 
680120 
680444 
680768 
681092 
681416 
681740 
682063 
682387 
682710 
683033 
683356 
683679 
684001 
684324 
684646 
684968 
,685290 
685612 
685934 
686265 
686677 
686898 
687219 
687540 
687861 
688182 



55.0 
54.9 
54.9 
54.9 
54.8 
54.8 
54.8 
54.8 
54.7 
54.7 
54.7 
54.7 
54.6 
54.6 
54.6 
54.6 
54.6 
64.6 
54.5 
64.4 
64.4 
54.4 
64.4 
54.3 
54.3 
64.3 
64.3 
64.2 
54.2 
64.2 
54.2 
64.1 
54.1 
54.1 
54.1 
54.0 
54.0 
64.0 
64.0 
53.9 
63.9 
53.9 
53.9 
53.8 
53.8 
53.8 
53.8 
53.7 
53.7 
53.7 
53.7 
63.6 
53.6 
53.6 
53.6 
53.5 
63.6 
53.6 
53.6 
53.4 



10.331327 
830998 
830668 
330339 
830009 
329680 
829351 
329023 
328694 
328366 
328037 

10.327709 
327381 
827053 
326726 
326398 
326071 
325743 
325416 
326090 
324763 

10.324436 
324110 
323784 
323457 
323131 
322806 
822480 
322154 
321829 
321504 

10,321179 
320854 
320529 



319880 
819556 
319232 
318908 
318584 
318260 

10.317937 
317613 
317290 
316967 
316644 
316321 
315999 
315676 
315364 
316032 

10.314710 
314388 
314066 
313745 
313423 
313102 
312781 
312460 
312139 
311818 



42262 90631 



42288 
42315 
42341 
42367 
42394 
42420 



90613 
90606 
90594 
90582 
90669 
90557 



42446 90545 
42473 90532 
4249990520 
42625 90607 
42552 90495 



42678 



90483 



42604 90470 
4263190458 



42667 
42683 
42709 
42736 



90446 
90433 
90421 
90408 



4276290396 
4278890383 
4281690371 
42841 90368 



42867 



90346 



4289490334 



42920 
42946 



90321 
90309 



4297290296 



42999 
43025 
43051 
43077 



90284 
90271 
90269 
90246 



4310490233 
4313090221 



43166 



90208 



4318290196 



43209 
43236 
43261 
43287 



90183 
90171 
90168 
90146 



4331390133 
4334090120 



43366 
43392 
43418 



90108 
90096 
90082 



4344590070 



43471 



90057 



43497 90045 
43523 90032 



43549 
43675 
43602 
43628 
43654 
43680 



90019 
90007 
89994 
89981 



89966 



43706 89943 

43733 

43769 

43786 

43811 

43837 



89918 
89905 
89892 
89879 



69 
68 
67 
66 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 



37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

16 

14 

13 

12 

11 

10 

9 

8 

7 

6 

6 

4 

^ 

S 

1 





Cosine. 



Sine. 



Cotang. 
64 Dogreca. 



Tang. 



N. oo«». N.bIdh. 



Log. Sinefl and Tangenta. (20°) Naturml Siaes. 



47 



Sine. D. W] Cosine. D. W'] Tang, p. ly^ Ootang. ' N. dne.}y. cos. 



9.641842 



1 
2 
3 
4 
5 
6 
7 

8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 

ly 

20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
50 
51 
52 
53 
54 
56 
56 
67 
58 
59 



642101 
642360 
642618 
642877 
643136 
643393 
643660 
643906 
644166 
644423 

9.644680 
644936 
645193 
645460 
646706 
646962 
646218 
646474 
646729 
646984 

9.647240 
647494 
647749 
648004 
648268 
648512 
648766 
649020 
649274 
649627 

9.649781 
660034 
660287 
660639 
660793 
661044 
651297 
651649 
651800 
652062 

9.662304 
662556 
662806 
663057 
653308 
653568 
653806 
664059 
664309 
664558 

9.654808 
656058 
665307 
666656 
666805 
666054 
666302 
656651 
656799 
667047 



Cosine. 



43.1 
43.1 
43.1 
43.0 
43.0 
43.0 
43.0 
43.9 
43.9 
42.9 
43.8 
43.8 
43.8 
43.7 
43.7 
43.7 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
43.4 
43.4 
42.4 
43.4 
43.3 
42.3 
42.3 
42.2 
42.2 
42.2 
42.2 
42.1 
42.1 
42.1 
42.0 
42.0 
42.0 
41.9 
41.9 
41.9 
41,8 
41.8 
41.8 
41.8 
41.7 
41.7 
41.7 
41.6 
41.6 
41.6 
41.6 
41.6 
41.6 
41.5 
41.4 
41.4 
41.4 
41.3 



.953660 
963699 
963637 
963476 
963413 
963362 
953290 
953228 
953166 
963104 
963042 

.952980 
962918 
952866 
952793 
952731 
962669 
962606 
962644 
962481 
952419 

.962366 
962294 
962231 
962168 
952106 
952043 
951980 
961917 
951864 
951791 

.951728 
961666 
961602 
951639 
951476 
951412 
951349 
961386 
961222 
951169 
961096 
951032 
960968 
960905 
960841 
960778 
960714 
950650 
950686 
960522 
960458 
960394 
950330 
950366 
960202 
960138 
950074 
960010 
949946 
949881 



Sine. 



.688182 
688602 



689143 
689463 
689783 
690103 
690423 
690742 
691062 
691381 
.691700 
692019 



692666 
692975 



693612 



694248 
694666 
.694883 
696201 
695618 



696163 
696470 
696787 
697103 
697420 
697736 
.698063 



698686 
699001 
699316 
699632 
699947 
700263 
700578 
700893 

.701208 
701623 
701837 
702162 
702466 
702780 
703096 
703409 
703723 
704036 

.704360 
704663 
704977 
705390 
705603 
705916 
706228 
706641 
706854 
707166 



63.4 
63.4 
63.4 
63.3 
63.3 
63.3 
63.3 
63.3 
63.2 
63.2 
63.2 
63.1 
53.1 
53.1 
63.1 
63.1 
53.0 
53.0 
53.0 
53.0 
62.9 
62.9 
52.9 
62.9 
62.9 
62.8 
52,8 
52.8 
62.8 
52.7 
52.7 
62.7 
62.7 
52.6 
52.6 
52.6 
62.6 
52.6 
52.6 
52.6 
62.6 
62.4 
62.4 
62.4 
52.4 
62.4 
52.8 
62.3 
52.3 
52.3 
52.2 
52.2 
62.2 
52.2 
52.2 
52.1 
52.1 
52.1 
52.1 
62.1 



10.811818 
311498 i 
811177 
310867 
310537 I 
310217 
309897 
809677 
309266 



308619 
10.308300 
307981 
307662 
307344 
307026 
306707 



Cctang 
1 Degrees. 



306070 
806752 
805434 

10.305117 
304799 
304482 
304164 
303847 
303630 
303213 
302897 
802680 
302264 

10-301947 
301631 
801316 
300999 
300684 
800368 
300063 
299737 
299422 
299107 

10-398792 
298477 
298163 
297848 
297534 
297220 
296906 
296691 
296277 
296964 

10.295650 
295337 
295023 
294710 
294397 
294084 
293772 
293469 
293146 
292834 



Tang. 



43837 89879 
43863 89667 
43889 89864 
43916 89841 
48942 89828 
89816 
43994 89803 
4402089790 



44046 



89777 



44072 89764 
44098 89762 
44124 89739 
44161 89726 
44177 89713 



44203 



89700 



44329 89687 
44366 89674 



44281 
44307 



89649 



44333 89636 
44859 89623 



44385 
44411 
44437 
44464 



89610 
89697 
89584 
89571 



4449089558 
44616 89646 
44642 89532 



44668 
44694 



89519 
89506 



44646 



44698 

44724 



44776 
44802 
44828 
44854 



44906 
44932 

44958 
44984 
45010 



44620 89493 



89480 



44672 89467 



89464 
89441 



4475089428 



89416 
89402 
89389 
89376 



4488089363 



89360 
89337 
89324 
89311 
89298 



45036 89286 



89272 
89269 
89245 
89232 
89219 
89206 
89193 
89180 
89167 
89163 
89140 
89127 
89114 
89101 



45062 
45088 
46114 
45140 
45166 
45192 
45218 
46348 
46269 
45295 
45321 
45347 
46373 
45399 
N. COS. N.sine. 



60 
69 
68 
67 
66 
66 
64 
63 
62 
51 
50 
49 
48 
47 
46 
46 
44 
43 
4Q 
41 
40 



37 



31 

30 

29 

28 

27 

26 

26 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

6 

4 

3 

2 

1 
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Log. SinM snd Tangents. (27<^ Natonl Sinei. 



TABUS n. 



9.667047 



40 
41 
43 
43 
44 
46 
46 
47 
48 
49 
50 
61 
52 
53 
64 
65 
66 
67 
68 
69 
60 



Bine. O. 10"' Cosine, p. lu" Tang. D. lO'] Coumg. N. sine.fN. oos. 



667296 

667643 
667790 
668037 
668384 
668631 
668778 
669026 
669271 
669617 

9.669763 
660000 
660266 
660601 
660746 
660991 
661236 
661481 
661726 
661970 

9.662214 
662469 
662703 
662946 
663190 
663433 
663677 
663920 
664163 
664406 

9.664648 
664891 
666133 
666376 
666617 
666869 
666100 
666342 
666583 
666824 

9.667065 
667306 
667646 
667786 
668027 
668267 
668606 
668746 
668966 



9.669464 
669703 
669942 
670181 
670419 
670658 
670896 
671134 
671372 
671609 



Cosine. 



41.8 
41.8 
41.3 
41.2 
41.3 
41.3 
41.1 
41.1 
41.1 
41.0 
41.0 
41.0 
40.9 
40.9 
40.9 
40.9 
40.8 
40.8 
40.8 
40.7 
40.7 
40.7 
40.7 
40.6 
40.6 
40.6 
40.6 
40.6 
40.6 
40.6 
40.4 
40.4 
40.4 
40.3 
40.3 
40.3 
40.3 
40.3 
40.3 
40.3 
40.1 
40.1 
40.1 
40.1 
40.0 
40 
40.0 
39.9 
39.9 
39.9 
39.9 
39.8 
39.8 
39.8 
39.7 
39.7 
39.7 
39.7 
39.6 
39.6 



.949681 
949616 
949763 



949633 
949668 
949494 
949429 
949364 
949300 
949336 

9.949170 
949105 
949040 
948976 
948910 
948846 
948780 
948715 
948660 
948584 

19.948519 
948464 
948388 
948323 
948257 
948193 
948136 
948060 
947995 
947939 

9.947863 
947797 
947731 
947665 
947600 
947533 
947467 
947401 
947336 
947369 

9.947203 
947136 
947070 
947004 
946937 
946871 
946804 
946738 
946671 
946604 

9.946538 
946471 
946404 
946337 
946270 
946203 
946136 
946069 
946002 
945935 



Sine. 



9.707166 
707478 
707790 
708102 
708414 
708726 
709037 
709349 
709660 
709971 
710282 

9.710693 
710904 
711216 
711526 
711836 
712146 
712466 
712766 
713076 
713386 

9.713696 
714005 
714314 
714624 
714933 
715242 
715651 
715860 
716168 
716477 

9.716785 
717093 
717401 
717709 
718017 
718326 
718633 
718940 
719248 
719655 

9.719862 
720169 
720476 
720783 
721089 
721396 
721702 
732009 
722315 
722621 



62 
62 
62 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
51 
51 
61 
61 
51 
61 
51 
61 
61 
61 
61 
51 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
51 
61 
51 
61 
51 
51 

9.7229271^} 
7232321^?. 
723538 !?X 
7238441?" 
724149**" 
724464 
724759 
725065 
725369 
726674 



Cotang. 
i Degrees. 



10.393834 
392623 
392210 
391898 
391686 
391374 
390963 
390651 
390340 
390029 
289718 

10.289407 
389096 
388785 
388476 
388164 
387864 
387544 
287234 
386924 
286614 

10.286304 
286996 
386686 
386376 
385067 
284768 
284449 
284140 
283832 
283623 

10.283215 
282907 
282699 
282291 
281983 
281675 
281367 
281060 
380763 
380446 

10.280138 
279831 
279624 
379217 
278911 
278604 
278298 
277991 
377e»6 
377379 

If 377073 
376768 
376462 
376166 
.376851 
376646 
375241 
374936 
374631 
274336 



46399 89101 
46426 89087 



46461 



89074 



46477 89061 
46603 89048 



Tang. 



46629 
46664 
45580 
45606 



89036 
89021 
89008 
88995 



46632 88981 



45658 
46684 
46710 
46736 
46762 
46787 
46813 
45839 



88968 
88955 
88942 
88928 
88916 
88902 



88875 



46865 88862 



46891 
46917 
45942 
46968 
45994 



88848 
88835 
88822 
88808 
88795 



4602088782 



46046 
46072 
46097 
46123 
46149 
46175 
46201 
46226 
46262 
4627b 
46304 
46330 



46458 



46636 



46742 
46767 
46793 
46819 
46844 
46870 
46896 
46921 
46947 



88768 
88765 
88741 
88728 
88716 
88701 
88688 
88674 
88661 
88647 
88G34 
88620 



46355188607 
46381 
46407 
46433 88566 



88580 



88563 



46484 88539 
46510188526 



88512 



46561 88499 
46587 88485 
46613 88472 
46639 88468 
46664 88445 
4669088431 
46716 88417 



88404 
88390 
88377 
88363 
88349 
88336 
88322 
88308 
88296 



N. COS. iN.rau(\ 



60 
69 

68 
57 
66 
66 

64 
53 
53 
51 
60 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
36 
34 
33 
33 
31 
30 
29 
28 
27 
26 
26 
24 
23 
22 
21 
20 
19 
18 
17 
16 
16 
14 
13 
If 
1) 
10 

8 
7 
6 
6 
4 
3 
3 
1 




TABLB n. 



Log. Sinee and Tangenta. 





1 
8 
8 
4 
6 
6 
7 
8 
9 
10 
11 
13 
13 
14 
16 
16 
17 
18 
19 
20 
SI 
23 
23 
24 
36 
36 
27 
38 
39 
30 
31 
33 
33 
34 
36 
36 
37 
38 
39 
40 
41 
43 
43 
44 
46 
46 
47 
48 
49 
60 
61 
63 
63 
64 
66 
66 
57 



9.671609 
671847 
673084 
673331 
672668 
672796 
673033 



60 



Sine. D. Wl 



673605 
673741 
673977 

9.674313 
674448 
674684 
674919 
676166 
676390 
676634 
676869 
676094 
676338 

9.676663 
676796 
677030 
677264 
677498 
677731 
677964 
678197 
678430 
678663 

9.678896 
679138 
679360 
679693 
679834 
680066 
680288 
680519 
680750 
680982 

9.681213 
681443 
681674 
681905 
682135 



682695 
682825 
683056 
683284 
9.683514 
683743 
683972 
684201 
684430 
684658 
684887 
685115 
685343 
685671 



Gosine. 



89.6 
39.6 
39.6 
39.6 
39.6 
39.4 
39.4 
39.4 
39.4 
39.3 
39.3 
39.3 
39.2 
39.2 
39.3 
39.3 
39.1 
39.1 
.1 
.1 
39.0 
39.0 
39.0 
39.0 
38.9 
38.9 
38.9 
38.8 
38.8 
38.8 
38.8 
38.7 
38.7 
38.7 
38.7 
38.6 
38.6 
38.6 
38.5 
38.5 
38.5 
38.5 
38.4 
38.4 
38.4 
88.4 
38.3 



38.3 
38.3 
38.2 
38.2 
38.2 
38.1 
38.1 
38.1 
38.0 
38.0 
38.0 



Oo aine. 

9.945936 
946868 
946800 
946733 
946666 
946698 
945631 
946464 
946396 
946328 
946261 

9.946193 
946126 
946068 
944990 
944922 
944854 
944786 
944718 
944650 
944682 

9.944614 
944446 
944377 
944309 
944241 
944172 
944104 
944036 
943967 
943899 

9.943830 
943761 
943693 
943624 
943565 
943486 
943417 
943348 
943279 
943210 

9.943141 
943072 
943003 
942934 
942864 
942795 
942726 
942656 
942587 
942517 

9.942448 
942378 
942308 
942239 
942169 
942099 
942029 
941959 
941889 
941819 



Sine. 



P . ly^ 

l.S 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.8 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.4 
1.4 



T ang. 

.726674 
726979 
736384 
726588 
726892 
737197 
737501 
737805 
738109 
728412 
728716 

.729020 
739323 
729626 
729939 
730233 
730636 
730838 
731141 
731444 
731746 

.732048 
732351 
732653 
732965 
733257 
733658 
733860 
734162 
734463 
734764 

.736066 
735367 
735668 
736969 
736269 
736570 
736871 
737171 
737471 
737771 

.738071 
738371 
738671 
738971 
739271 
739570 
739870 
740169 
740468 
740767 

.741066 
741365 
741664' 
741962 
742261 
742559 
742858 
743156 
743454 
743752 



yatnral Sinei. 
D. 10"! Ootang. 



49 



60.8 
60.8 
60.7 
60.7 
60.7 
60.7 
60.7 
60.6 
60.6 
60.6 
60.6 
60.6 
60.6 
60.6 
60.6 
60.6 
60.6 
60.4 
60.4 
60.4 
60.4 
60.4 
60.3 
50.3 
60.3 
60.3 
60. 3 
50.2 
50.2 
60.2 
60.2 
60.2 
60.2 
50.1 
60.1 
50.1 
60.1 
50.1 
60.0 
50.0 
50.0 
50.0 
50.0 
49.9 
49.9 
49.9 
49.9 
49.9 
49.9 
49.8 
49.8 
49.8 
49.8 
49.8 
49.7 
49.7 
49.7 
49.7 
49.7 
49.7 



Cotang. 
61 Degreeg. 



10.874326 
374031 
878716 
373413 
273108 
373803 
373499 
273196 
271891 
271588 
271384 

10.370960 
270677 
270374 
270071 
269767 
269465 
269162 



268566 
268264 

10.267952 
267649 
267347 
267045 
266743 
266443 
266140 
265838 
266537 
265236 

10.264934 
264633 




4736888076 
47383 88062 
i 47409 88048 
! 47434 88034 
14746088020 



47486 
47611 
47637 
47662 



264031 
263731 
263430 
263129 
262829 
262529 
262229 

10.261929 
261629 , 
261329; 
261029, 
260729 
260430 
260130 
259831 
259532 
259233 

10.258934 
258635 
258336 
258038 
257739, 
257441 
267142 
256844 
266646 
256248 



47588 87961 
47614 87937 
4763987923 
47665 87909 
47690 
47716 

,47741 

147767 

' 47793 



88006 
87993 
87979 
87965 



4781887826 

4784487812 

47869 87798 

4789587784 

47920 

47946 

47971 

47997 

48022 

48048 



87770 
87756 
87743 
87729 
87715 
87701 
48073 87687 
,48099 87673 
1 48124 87659 
4815087645 
48175 87631 



48201 
48226 



48303 
48328 



48430 

48466 
48481 



Tang. I N. cos. N.gine. ' 



87617 
87603 



48252 87589 
48277 87675 



87561 
87646 
48354 87632 
48379 87618 
48405 87504 



87490 
87476 
87462 
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Log. SiiiM and Tuigenta. (JOP) Natnnl Sines. 



TABLE n. 




1 
8 
8 

4 

5 

6 

7 

8 

9 

10 

11 

13 

18 

14 

15 

16 

17 

18 

19 

20 

31 

23 

23 

24 

26 

26 

27 



30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

47 
48 
49 
50 
61 
62 
63 
54 
55 
66 
57 
58 
69 
60 



9.686571 
686790 
686027 



687163 
687389 
687616 
687843 
9.688069 



689648 
689873 
690098 
9.690323 
690548 
690772 



D. Ur GodnT 



686482 
686709 



688621 

688747 
688972 
689198 



691220 
691444 
691668 
691892 
692116 



9.692662 
692786 



693463 



694120 
694342 
694664 
.694786 
696007 
696229 
696460 
696671 
696892 
696113 



696664 
696776 
9.696996 
697216 
697436- 
697664 
697874 
698094 
698313 



698761 
696970 



88.0 
87.9 
37.9 
37.9 
37.9 
37.8 
87.8 
87.8 
37.8 
37.7 
37.7 
37.7 
37.7 
37.6 
37.6 
37.6 
37.6 
87.6 
37.6 
37.5 
37.6 
37.4 
37.4 
37.4 
37.4 
37.8 
37.8 
37.8 
37.8 
37.2 
37.2 
37.2 
37.1 
37.1 
37.1 
37.1 
37.0 
37.0 
37.0 
37.0 
36.9 
36.9 
36.9 
36.9 
36.8 
36.8 
36.8 
36.8 
36.7 
36.7 
36.7 
36.7 
36.6 
36.6 
36.6 
36.6 
36.6 
36.6 
36.6 
36.6 



941819 
941749 
941679 
JI41609 
941639 
941469 
941398 
941328 
941268 
941187 
941117 
941046 
940976 
940906 
940834 
940763 
940693 
940622 
940661 
940480 
940409 
940338 
940267 
940196 
940126 
940064 



939840 
939768 
989697 
9.939626 
939664 



939410 



939267 
939195 
939123 
939062 



9.938908 



938763 



938619 
938547 
938476 
938402 



938268 
.938186 
938113 
938040 
937967 
937896 
937822 
937749 
937676 
937604 
937631 



D. 10" 



11 


7 


11 


7 


11 


7 


11 


.7 


11 


.7 


11 


.7 


11 


.7 


11 


.7 


11 


.7 


11 


.7 


11 


7 


11 


8 


11 


8 


11 


8 


11 


8 


11 


8 


11 


8 


11 


8 


11 


8 


11 


8 


11 


8 


11, 


8 


11 


8 


11. 


8 


11 


9 


11 


9 


11 


9 


11 


9 


11 


9 


11 


9 


11 


9 


11 


9 


11 


9 


11 


9 


11 


9 


11 


9 


12 





12 





12 





12 





12 





12 





12 





12 





12 





12 





12 





12 





12 




12 




12 




12 




12 




12 




12 




12 




12 




12 




12 




12 





Tang. 



D. lO^i Cotang. 



.743763 
744060 
744348 
744646 
744943 
745240 
746638 
746835 
746182 
746429 
746726 

.747023 
747319 
747616 
747913 
748209 
748605 
748801 
749097 
749393 
749689 

.749986 
760281 
760576 
760872 
761167 
761462 
761767 
762062 
752347 
762642 

.762937 
763231 
763626 
763820 
764116 
764409 
764703 
764997 
765291 
766686 

.766878 
766172 
766466 
766769 
767062 
757346 
757638 
767931 
768224 
768617 

.758810 
769102 
769396 
769687 
769979 
760272 
760664 
760866 
761148 
761439 



10. 



10 



266248 
266960 
266652 
265356 
266067 
264760 
264462 
264166 
263868 
263671 
263274 
262977 



10 



10 



10. 



262384 
262067 
261791 
261495 
261199 
260903 
260607 
260311 
.250016 
249719 
249424 
249128 
248833 
248638 
248248 
247948 
247658 
247358 
247063 
246769 
246474 
246180 
246886 
246691 
246297 
246003 
244709 
244416 
244122 
343828 
243635 
243241 
342948 
242656 



10 



242069 
241776 
241483 
.241190 
240896 
240605 
240313 
240021 
239728 
289436 
239144 
238862 
288661 



iN. alne. N. eos, 



4848187462 
4860687448 
4863287434 



48667 



87420 



4868387406 
4860887391 
48634J87377 
4866987363 
4868487349 



48710 
48736 



87335 
87321 



48761 87306 



48786 
48811 
48837 



87292 
87278 
87264 



4886287260 
4888887236 
48913 87221 



87207 
4896487193 
4896987178 
4901487164 
87160 
87136 



49040 
49066 
4909087121 
4911687107 



49141 



87093 



4916687079 



49192 
49217 
49242 



49672 



49723 
49748 
49773 



49950 
49976 
6000U 



87064 
87060 
87036 



4926887021 
49293 87007 
49318 
4934486978 



4941986935 
49445 86921 
4947086906 
4949566892 



86878 



49621 
49546 
4967186849 
49696 86834 
4962286820 
49647 86805 



86791 



49697 86777 



86762 
86748 
86733 



49798 86719 

49824|86704 

49849 

4987486675 

49899 86661 

4992486646 



86632 
86617 
86603 



60 
59 
58 
67 
66 
56 
54 
53 
52 
51 
50 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 



37 

36 

36 

34 

33 

32 

31 

30 

29 

28 

27 

26 

26 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

6 

4 

3 

3 

1 





Sin«. 



Cotang. 
60 Degreeg. 



Tang. 



N. oofi. N.mno. 



TABLE n. Log. Sin<M and Tftngents. (30°) Natural Sines. 
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dHF" 



*anfc 



D. 1Q"\ Cotang. ; N. 8ine.|N. cogT 




1 

3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
30 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. 



9.698970 



9. 



9. 



699407 
699626 
699844 
700062 
700280 
700498 
700716 
700933 
701151 
701368 
701685 
701802 
702019 
702236 
702462 
702669 
702885 
703101 
703317 
,703633 
703749 
703964 
704179 
704395 
704610 
704825 
705040 
706254 
706469 
705683 
705898 
706112 
706326 
706639 
706763 
706967 
707180 
707393 
707606 
707819 
708032 
708245 
708468 
703670 
708882 
709094 
70930S 
709518 
709730 
709941 
710153 
710364 
710576 
710786 
710967 
711208 
711419 
711629 
711839 



Cosine. 



36.4 
36.4 
36.4 
36.4 
36.3 
36.3 



36.3 
36.2 
36.2 
36.2 
36.2 
36.1 
36.1 
36.1 
36.1 
36.0 
36.0 
36.0 
36.0 
36.9 
35.9 
35.9 
36.9 
35.9 
35.8 
36.8 
36.8 
35.8 
36.7 
36.7 
35.7 
36.7 
35.6 
35.6 
35.6 
36.6 
36.5 
36.5 
36.6 
36.5 
36.4 
36.4 
35.4 
36.4 
36.3 
36.3 
36.3 
36.3 
35.3 
36.2 
35.2 
36.2 
36.2 
36.1 
36.1 
36.1 
36.1 
35.0 



Cosine. 



D. 10" 



.937631 
937458 
937385 
937312 
937238 
937166 
937092 
937019 
936946 
936872 
936799 

.936726 
936652 
936678 
936505 
936431 
936357 
936284 
936210 
936136 



9.936988 
936914 
935840 
935766 
935692 
935618 
936543 
936469 
935395 
935320 
935246 
936171 
936097 
936022 
934948 
934873 
934798 
934723 
934649 
934574 
934499 
934424 



9. 



934274 
934199 
934123 
934048 
933973 



933822 
.933747 
933671 



933520 
933445 
933369 



933217 
933141 
933066 



Sine 



12.1 
12.2 
12.2 
12.2 
12.2 
12.2 
12.2 
12.2 
12.2 
12.2 
12.2 
12.2 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.4 
12.4 
12.4 
12.4 
12.4 
12.4 
12.4 
12.4 
12.4 
12.4 
12.4 
12.4 
12.4 
12.5 
12.6 
12.6 
12.5 
12.5 
12.6 
12.5 
12.5 
12.6 
12,6 
12.5 
12.6 
16.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 



.761439 
761731 
762023 
762314 
762606 
762897 
763188 
763479 
763770 
764061 
764362 

.764643 
764933 
765224 
765614 
766805 
766096 
766385 
766675 



767265 

.767645 
767834 
768124 
768413 
768703 
768992 
769281 
769570 
769860 
770148 

.770437 
770726 
771015 
771303 
771692 
771880 
772168 
772467 
772746 
773033 

.773321 
773608 
773896 
774184 
774471 
774759 
775046 
775333 
776621 
776908 

.776196 
776482 
776769 
777055 
777342 
777628 
777916 
778201 
778487 
778774 



48.6 
48.6 
48.6 
48.6 
48.5 
48.6 
48.6 
48.5 
48.5 
48.6 
48.4 
48.4 
48.4 
48.4 
48.4 
48.4 
48.4 
48.3 
48.3 
48.3 
48.3 
48.3 
48.3 
48.2 
48.2 
48.2 
48.2 
48.2 
48.2 
48.1 
48.1 
48.1 
48.1 
48.1 
48.1 
48.1 
48.0 
48.0 
48.0 
48.0 
48.0 
48.0 
47.9 
47.9 
47.9 
47.9 
47.9 
47.9 
47.9 
47.8 
47.8 
47.8 
47.8 
47.8 
47.8 
47.8 
47.7 
47.7 
47.7 
47.7 



Cotang. 
69 Degrees. 



10.238661 
238269 
237977 
237686 
237394 
237103 
236812 
236621 
236230 
236939 
236648 

10.236367 
235067 
234776 
234486 
234196 
233905 
233615 
233326 
233036 
232745 

10.232465 
232166 
231876 
231687 
231297 
231008 
230719 
230430 
230140 
229862 

10-229563 
229274 



228697 
228408 
228120 
227832 
227543 
227265 
226967 
10-226679 



226104 
226816 
225529 
226241 
224964 
224667 
224379 
224092 
10-223806 
223518 
223231 
222945 
222658 
222372 
222086 
221799 
221612 
221226 



Tang. 



50000 86603 
50025 86588 
60050 86573 
60076 86669 



50101 
60126 



86644 
86630 



50161 86516 
50176 86601 
60201 86486 
50227 86471 



86467 
86442 
86427 
86413 



60252 

50277 

50302 

50327 

50362 

60377 86384 

60403 

60428 

60463 

50478 

50503 

50628 

50663 

50678 

60603 86261 

5062886237 



86364 
86340 
86325 
86310 
86296 
86281 
86266 



60664 
50679 
50704 



86222 
86207 
86192 



50779 
50804 
60829 
60854 



60904 
50929 
50964 



61279 



51329 
51364 
61379 
51404 
51429 



51479 
51604 



60729 86178 
50764 86163 



86148 
86133 
86119 
86104 



6087986089 



86074 

86069 
86046 



60979 86030 
5100486015 
86000 
85986 
86970 
85956 
85941 
85926 
85911 
85896 



51029 

61054 

51079 

51104 

61129 

61154 

61179 

51204 

5122985881 

6126485866 



85851 



51304 85836 



86821 
85806 
86792 
86777 
86762 



51454 86747 



85732 
85717 

N. COS. N.8iue. 



60 
69 
68 
67 
66 
55 
64 
63 
62 
51 
50 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
16 
14 
13 
12 
11 
10 
9 
8 
7 
6 
6 
4 
3 
2 
1 
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Lof . Sines and Tangents. (31^ TTfttona Sines. TABLE IL 



D. 10" 



Tang. 



DTW 



eine. |D. 10"' 



3 
4 
6 
6 
7 
8 
9 
10 



9.711839 n- 

1 712060 Sr- 

2 712260 J2' 
712469 S* 
712679 tl' 
712889 XT' 
713098 ST' 
713308 it' 
713517 JT' 

9 713726 XT' 

10 713936 $:• 

11 9.714144 XT* 

12 714362 XT- 
IS 714561 St' 
14 714769 XT- 
IS 714978 XT- 

16 715186 fr- 

17 715394 XT 

18 715602 XT" 

19 715809 XT 

20 716017 Jt 
2119.716224 XT 

22 716432 JT 

23 716639 XT 
716846 XT 
717063 XT' 
717259 XT- 
717466 XT- 
717673 X:' 
717879 XT 
718086 XT 

J.718291 XT' 
718497 X;- 
718703 XT' 
718909 XT- 
719114 XT' 
719320 Xt* 
719525 ^' 
719730 XT' 

71009;^ ^' 

* 84* 

;34: 

' 34. 

134, 
133 
1 33 



24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

40 rMJi^w 

41 9.720346 

43 
44 
45 
46 
47 

48 rAinHt 

49 721978 

60 722181 

61 9.722386 

62 722588 
722791 
722994 
723197 I XX' 
723400; XX" 

7?3603 ti; 

723805 '^^ ■ 
724007 ,; • 
724210; '*■ 



719730 
719936 
720140 
). 720346 
720649 : 
720754 : 
720968 ' 
721162 
7213661 
7216701 
721774 i 
nroiQ'7Q 



63 
64 
55 
66 
67 
68 
59 



' 33 

'!33: 



Ck>8ine. 



9.933066 
932990 
932914 
932838 
932762 
932685 
932609 
932533 
932457 
932380 
932304 

9.932228 
932151 
932076 
931998 
931921 
931846 
931768 
931691 
931614 
931637 

9.931460 
931383 
931306 
931229 
931162 
931075 



930921 
930843 
930766 
9.930688 
930611 
930633 
930456 
930378 
930300 



930146 
930067 



9.929911 



929756 
929677 
929699 
929521 
929442 
929364 
929286 
929207 
9.929129 
929050 
928972 



Cosine. 



928816 
928736 
928667 
928578 
928499 
928420 



Sine. 



.778774 
779060 
779346 
779832 
779918 
780203 
780489 
780775 
781060 
781346 
781631 

1.781916 
782201 
782486 
782771 
783056 
783341 
783626 
783910 
784195 
784479 

1.784764 
785048 
785332 
785616 
786900 
786184 
786468 
786752 
787036 
787319 

1.787603 
787886 
788170 
788453 
788736 
789019 
789302 
789686 
789868 
790151 

1.790438 
790716 
790999 
791281 
791663 
791846 
792128 
792410 
792692 
792974 

L793266 
793638 
793819 
794101 
794383 
794664 
794945 
795227 
796608 
795789 



47.7 
47.7 
47.6 
47.6 
47.6 
47.6 
47.6 
47.6 
47.6 
47.6 
47.6 
47.6 
47.6 
47.5 
47.5 
47.6 
47.5 
47.4 
47.4 
47.4 
47.4 
47.4 
47.4 
47.3 
47.3 
47.3 
47.3 
47.3 
47.3 
47.3 
47.2 
47.2 
47.2 
47.2 
47.2 
47.2 
47.2 
47.1 
47.1 
47.1 
47.1 
47.1 
47.1 
47.1 
47.1 
47.0 
47.0 
47.0 
47.0 
47.0 
47.0 
47.0 
46.9 
46.9 
46.9 
46.9 
46.9 
46.9 
46.9 
46.8 



Ootaaig. 
68 Degrees. 



Cotang. 



10.221226 
220940 
220654 
220368 
220082 
219797 
219611 
219226 
218940 
218664 
218369 

10.218084 
217799 
217514 
217229 
216944 
216669 
216374 
216090 
215805 
216621 

10.215236 
214952 
214668 
214384 
214100 
213816 
213532 
213248 
212964 
212681 

10.212397 
212114 
211830 
211647 
211264 
210981 
2106^8 
210416 
210132 
209849 

10.209567 
209284 
209001 
208719 
208437 
208154 
207872 
207590 
207308 
207026 

10.206744 
206462 
206181 



206617 
206336 
206055 
204773 
204492 
204211 



i\. < 



N.8ine. 



61504 86717 



51629 
51664 



86702 
86687 



61579 85672 



51604 
51628 



86667 

86642 



61653 86627 



61678 
51703 
61728 
61763 
61778 
51803 
51828 
61862 
61877 
61902 
61927 
61952 
51977 
52002 



85612 
85597 
85582 
85667 
86551 
86636 
86521 
86506 
85491 
86476 
86461 
86446 
86431 
85416 



62026J854U1 



62061 
52076 



85385 
86370 



52101186356 



62126 
62151 
52176 
62200 
62225 
62250 
52275 
62299 
62324 
62349 
62374 



62423 
62448 
62473 
62498 



52547 
52672 
6259'i 
52621 
62646 
52671 
52696 
62720 
52745 



62794 
52819 
62844 



52893 
62918 
62943 
52967 



Tang. ' N. oos. N.8iQe. 



?:L 



86340 
86325 
85310 
85294 
86279 
85204 
86249 
85234 
85218 
85203 
86188 
86173 
86157 
86142 
85127 
86112 



62522J85096 



85081 
85066 
85061 
85036 
86U20 
85006 
84989 
84974 
84969 



5277084943 



84928 
84913 
84897 
84882 
84866 
84861 
84836 
84820 



5299284806 



60 
69 
68 
67 
66 
65 
64 
53 
52 
61 
60 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 
39 
38 
37 
36 
36 
34 



31 

30 

29 

28 

27 

26 

26 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

18 

12 

11 

10 

9 

8 

7 

6 

6 

4 

3 

2 

1 





TABLB H. 



Log. Slaes aiid Tangents. (82°) Natunl fiknM. 



53 



Sine. ID. 10" Cosine. D. W Tgng- tl>. lO^^I Cota ng. 




1 
3 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
43 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 
60 



.724210 
724412 
724614 
724816 
726017 
725219 
726420 
726622 
726823 
726024 
726226 

.726426 
726626 
726827 
727027 
727228 
727428 
727628 
727828 
728027 
728227 

.728427 
728626 
728825 
729024 
729223 
729422 
729621 
729820 
730018 
730216 

.730415 
730613 
730811 
731009 
731206 
731404 
731602 
731799 
731996 
732193 

.732390 
732687 
732784 
732980 
733177 
733373 
733669 
733765 
733961 
734157 

.734353 
734549 
734744 
784939 
735135 
735330 
735526 
736719 
735914 
736109 



Cosine. 



33.7 
33.6 
33.6 
83.6 
38.6 
83.6 
38.6 
38.6 
88.6 
88.6 
33.4 
88.4 
83.4 
38.4 
38.4 
88.3 
83.3 
38.8 
83.8 
88.8 
38.2 
83.2 
83.2 
83.2 
38.1 

.1 
33.1 

.1 
38.0 
38.0 
33.0 
38.0 
33.0 
82.9 
32.9 
32.9 
32.9 
32.9 
32.8 
32.8 
32.8 
32.8 
32.8 
82.7 
32.7 
82.7 
32.7 
32.7 
32.6 
32.6 
82.6 
32.6 
32.6 
32.6 
32.6 
32.6 
32.6 
32.4 
32.4 



.928420 
928842 
928268' 
928183 
928104 
928026 
927946 
927867 
927787 
927708 
927629 

.927649 
927470 
927390 
927810 
927231 
927161 
927071 



9.1 



926911 
926831 
926761 
926671 
926691 
926511 
926431 
926361 
926270 
926190 
926110 
926029 
926949 
926868 
926788 
926707 
926626 
926646 
926466 
926884 
926808 
926222 
926141 
936060 
924979 
924897 
924816 
924736 
924664 
924672 
924491 
924409 
,924328 
924246 
924164 
924088 
924001 
923919 
923837 
923766 
923673 
923691 



13.2 
18.2 
18.3 
13.3 
13.2 
13.2 
13.2 
13.3 
13.3 
18.2 
18.2 
18.2 
18.8 
18.8 
13.8 
18.8 
13.8 
13.3 
18.3 
18.8 
18.3 
18.8 
13.8 
18.8 
18.4 
18.4 
13.4 
18.4 
18.4 
18.4 
18.4 
18.4 
18.4 
13.4 
13.4 
18.4 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.5 
13.5 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.7 
13.7 



.796789 
796070 
796351 
796632 
796918 
797194 
797476 
797766 
798036 
798816 
798696 

.798877 
799167 
799487 
799717 
799997 
800277 
800657 
800836 
801116 
801396 

.801676 
801966 
802284 
802618 
802792 
803072 
803361 
803630 
803906 
804187 

.804466 
804746 
805023 
805302 
806680 
806869 
806137 
806415 



806971 
.807249 
807527 
807805 
808063 
808361 
806638 
808916 
809198 
809471 
809748 
.810026 
810302 
810580 
810857 
811134 
811410 
811687 
811964 
812241 
812517 



Cotang. 
67 Degrees. 



10.204211 
203930 
203649 



303087 
302806 
303626 
302246 
301964 
301684 
301404 
10.301128 
200848 
300663 



300003 
199723 
199443 
199164 
196884 
198604 

10.198836 
198046 
197766 
197487 
197206 
196928 
196649 
196370 
196092 
196813 

10.196634 
196266 
194977 
194698 
194420 
194141 
193863 
193586 
193307 
193029 

10.192761 
192473 
192196 
191917 
191639 
191362 
191084 
190807 
190529 
190262 

10.189976 
189698 
189420 
189143 
188866 
188590 
188313 
188036 
187759 
187483 



Tang. 



N. sine. N. cos 



62992 
63017 
63041 
63066 
63091 
68115 
63140 
63164 
68189 
68214 
68238 
58263 
63288 
68312 
63337 
68361 



63411 
63435 



84806 
84789 
84774 
84769 
84743 
84728 
84712 
84697 
84681 
84666 
84650 
84636 
84619 
84604 
84588 
84673 
84667 
84642 
84526 



6346084511 
,6348484496 
163609 84480 

6363484464 



63668 
63583 
53607 
63632 
63656 
53681 



84448 
84433 
84417 

84402 



84370 



53706 84356 



63730 
53764 
63779 
63804 



84339 

84324 
84308 
84292 



53828184277 
63853{84261 
53877184245 
53902 84230 
6392684214 
6396184196 
6397584182 
6400084167 
64024184151 
64049 84135 
54073184120 
64097 [84104 
64122184088 
64146184072 
64171184067 
64195 '84041 
64220'84025 
64244 84009 
64£69l83994 
64293 83978 



54317 



83962 



5434283946 



54464 



83930 

83916 



54366 
64S91 
64415 
6444083883 



83867 



N. COS. N.8iDe. 



60 
69 
68 
67 
66 
66 
64 
53 
62 
61 
60 
49 
48 
47 
46 
46 
44 
43 
43 
41 
40 
39 
38 
37 
36 
36 
84 
33 
32 
31 
30 
29 
28 
27 
26 
26 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
6 
4 
3 
2 
1 




54 



Log. Fines ud Tangents. (83°) Natural Sines. TABLE IL 



D.W 



N.sine. N. oos. 



30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 
61 
52 
53 
64 
65 
66 
67 
68 
69 
60 



ID. llKI 



19.786109 
736303 
736498 
786692 
736886 
787080 
787274 
737467 
787661 
737865 
738048 

9.738241 
738434 
738627 
738820 
739013 
739206 
739396 
739690 
739783 
739975 

9.740167 
740359 
740650 
740742 
740934 
741125 
741316 
741508 
741699 
741889 

9.742080 
742271 
742462 
742652 
742842 
743033 
743223 
743413 
743602 
743792 

9.743982 
744171 
744361 
744550 
744739 
744928 
746117 
745306 
745494 
745683 

9.746871 
746059 
746248 
746436 
746624 
746812 
746999 
747187 
747374 
747662 



Ck»!i» 



83.4 
.4 
32.4 
32.3 
32.3 
32.3 
32.8 
82.3 
32.2 
32.2 
32.2 
32.2 
32.2 
32.1 
32.1 
82.1 
32.1 
32.1 
32.0 
32.0 
32.0 
32.0 
32.0 
31.9 
31.9 
31.9 
81.9 
31.9 
31.8 
31.8 
31.8 
31.8 
31.8 
31.7 
31.7 
31.7 
31.7 
31.7 
31.6 
31.6 
31.6 
31.6 
31.6 
31.5 
31.6 
31.6 
31.5 
31.5 
31.4 
31.4 
31.4 
31.4 
31.4 
31.3 
31.3 
31.3 
31.3 
31.3 
31.2 
31.2 



Cosine. 



.923591 
923609 
923427 
923345 
923268 
923181 
923098 
923016 
922933 
922861 
922768 

.922686 
922603 
922520 
922438 
922355 
922272 
922189 
922106 



9. 



921940 
921857 
921774 
921691 
921607 
921524 
921441 
921357 
921274 
921190 
921107 
.921023 
920939 
920856 
920772 
920688 
920604 
920520 
920436 
920362 
920268 
920184 
920099 
920015 
919931 
919846 
919762 
919677 
919593 
919508 
919424 
919339 
919254 
919169 
919085 
919000 
918916 
918830 
918745 
918669 
918574 



Sine. 



18.7 
18.7 
13.7 
13.7 
13.7 
13.7 
13.7 
13.7 
18.7 
18.7 
13.8 
13.8 
13.8 
13.8 
18.8 
13.8 
18.8 
13.8 
13.8 
13.8 
13.8 
13.9 
13.9 
13.9 
13.9 
13.9 
13.9 
13.9 
13.9 
13.9 
13.9 
13.9 
14.0 
14.0 
14.0 
14.0 
14.0 
14.0 
14.0 
14.0 
14.0 
14.0 
14.0 
14.0 
14.1 
14.1 
14.1 
14.1 
14.1 
14.1 
14.1 
14.1 
14.1 
14.1 
14.1 
14.1 
14.2 
14.2 
14.2 
14.2 



Tang. 



D. 10" 



.812617 
812794 
813070 
813347 
813623 
813899 
814175 
814462 
814728 
815004 
815279 

1.816666 
815831 
816107 
816382 
816668 



46.ll« 
46.1 
46 1 
1.0 

.0 



.0 
1.0 







817209 
817484 
817759 
818036 

.818310 
818586 
818860 
819136 
819410 
819684 
819959 
820234 
820508 
820783 

.821057 
821332 
821606 
821880 
822164 
822429 
822703 
822977 
823260 
823524 

.823798 
824072 
824345 
824619 



825166 
825439 
825713 
825986 
826259 
.826532 
826806 
827078 
827351 
827624 
827897 
828170 
828442 
828716 
828987 



10 



46 

46. 

46 

46. 

45 

46. 

46. 

46 

45 

45 

45. 

46.8 

46.8 

46.8 

46.8 

46.8 

45.8 

45.7 

45.7 

46.7 

46.7 

45.7 

45.7 

45.7 

45.7 

45.7 

45.6 

45.6 

45.6 

45.6 

45.6 

45.6 

46.6 

45.6 

45.6 

45.5 

45.5 

45.5 

45.6 

45.6 

46.5 

45.5 

45.6 

46.6 

45.4 

45.4 

46.4 

45.4 



Cotang. 
66 Degrees. 



Cotang. 



10 



10 



10 



10 



187482 
187206 
186930 
186653 
186377 
186101 
185826 
185548 
185272 
184996 
184721 
184445 
184169 
183893 
183618 
183342 
183067 
182791 
182616 
182241 
181965 

.181690 
181415 
181140 
180865 
180690 
180316 
180041 
179766 
179492 
179217 

.178943 
178668 
178394 
178120 
177846 
177571 
177297 
177023 
176750 
176476 

.176202 
175928 
176655 
175381 
176107 
174834 
174561 
174287 
174014 
173741 
173468 
173195 
172922 
172649 
172376 
172103 
171830 
171658 
171286 
171013^ 

Tang- 



54464 
54488 



83867 
83861 



6451383835 
54537 83819 
6456183804 
54586 83788 
5461083772 
64636 83766 



54669 
64683 



83740 
83724 



54706 83706 
64732 83692 
54756 83676 



64781 



83660 



6480683645 
54829 
54854 
5487883697 



83613 



54902 



83581 



54951 
64976 
54999 
65024 
55048 
66072 
65097 



55145 
65169 
56194 



55339 
55363 
65388 
56412 
65436 
56460 
55484 
55509 
55533 
56657 
56581 
55605 



64927 83566 



83549 
83533 
83517 
83501 
83486 
83469 
83463 



65121 83437 



83421 
83406 
83389 



6621883373 
5524283356 
55266183340 
65291 83324 
55315 83308 



83292 
83276 
83260 
83244 
83228 
83212 
83196 
83179 
83163 
83147 
83131 
83116 
65630,83098 
55664 83082 
65678 830U6 
55702 83060 
5572683034 
5576083017 
66776 83001 
55799182985 
55823 182969 
55847 82963 
6587182936 
55896 82920 
56919 



|82904 



N. C08.I N.sine. 



60 
69 
58 
57 
56 
56 
54 
53 
62 
61 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 



37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

6 

4 

3 

2 

1 





TABLSn. 



Log. SfnM and Tangents. (84°) Natural SinM. 




Y -\ 



"ssr 



1^.10^1 dosine. D.10^ 




1 
3 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 
60 



^747663 
747749 
747936 
748123 
748310 
748497 
748683 
748870 
749066 
749243 
749426 

>. 749616 
749801 
749987 
760172 
760368 
760643 
760729 
760914 
761099 
761284 

K 761469 
751664 
761839 
762023 
762208 
762392 
762676 
752760 
762944 
763128 

).7633l2 
753496 
763679 
763862 
764046 
764229 
764412 
754596 
754778 
754960 

). 766143 
765326 
766508 
756690 
755872 
766064 
766236 
756418 
756600 
756782 

). 756963 
757144 
767326 
767507 
757688 
767869 
768050 
768230 
758411 
758691 



31.3 
31.3 
31.3 
31.1 
81.1 
31.1 
31.1 
81.1 
31.0 
31.0 
31.0 
31.0 
31.0 
80.9 
30.9 
80.9 
30.9 
30.9 
30.8 
30.8 
30.8 
80.8 
30.8 
30.8 
30.7 
30.7 
30.7 
30.7 
30.7 
30.6 
80.6 
30.6 
30.6 
1 30.6 
30.6 
30.6 
30.6 
30.6 
30.6 
30.4 
80.4 
30.4 
30.4 
30.4 
30.4 
80.3 
30.3 
30.3 
80.3 
30.3 
30.2 
30.2 
30.2 
30.2 
30.2 
30.1 
30.1 
30.1 
30.1 
80.1 



9. 



Cosine, j 



918574 
918489 
918404 
918318 
918233 
918147 
918062 
917976 
917891 
917806 
917719 
.917634 
917648 
917462 
917376 
917290 
917204 
917118 
917033 
916946 
916869 
916773 
916687 
916600 
916614 
916437 
916341 
916264 
916167 
916081 
915994 
.915907 
916820 
916733 
915646 
915659 
915472 
916386 
915297 
915210 
915123 
.916036 
914948 
914860 
914773 
914686 
914698 
914610 
914422 
914334 
914246 
.914158 
914070 
913982 
913894 
913806 
913718 
913630 
913641 
913463 
913366 



Sine. 



14.3 
14.3 
14.8 
14.8 
14.3 
14.3 
14.3 
14.8 
14.8 
14.8 
14.8 
14.8 
14.3 
14.8 
14.3 
14.3 
14.8 
14.4 
14.4 
14.4 
14.4 
14.4 
14.4 
14.4 
14.4 
14.4 
14.4 
14.4 
14.6 
14.6 
14.5 
14.6 
14.6 
14.6 
14.6 
14.6 
14.6 
14.6 
14.6 
14.6 
14.6 
14.6 
14.6 
14.6 
14.6 
14.6 
14.6 
14.6 
14.6 
14.6 
14.7 
14.7 
14.7 
14.7 
14.7 
14.7 
14.7 
14.7 
14.7 
14.7 



9.838967 
839260 
839532 
829806 
830077 
830349 
880621 
830893 
831166 
831437 
831709 
.831961 
832263 
832626 
832796 
833068 



833611 
833882 
834154 
834426 
9.834696 
834967 
835238 
835609 
836780 
836061 
836322 



Tang. 



D. 1(/1 



836864 
837134 

.837406 
837676 
837946 
838216 
838487 
838767 
839027 
839297 
839568 
83.9838 

.840108 
840378 
840647 
840917 
841187 
841467 
841726 
841996 
842266 
842636 

1.842805 
843074 
843343 
843612 
843882 
844161 
844420 
844689 
844958 
845227 



45.4 
45.4 
46.4 
46.4 
46.4 
46.8 
46.8 
46.8 
46.8 
46.8 
46.8 
46.3 
46.3 
46.8 
46.8 
46.2 
46.2 
46.2 
46.2 
46.2 
46.2 
46.2 
46.2 
46.2 
46.2 
46.1 
46.1 
46.1 
46.1 
46.1 
46.1 
46.1 
46.1 
46.1 
45.1 
46.0 
46.0 
45.0 
46.0 
46.0 
46.0 
46.0 
45.0 
45.0 
44.9 
44.9 
44.9 
44.9 
44.9 
44.9 
44.9 
44.9 
44.9 
44.9 
44.9 
44.8 
44.8 
44.8 
44.8 
44.8 



10 



I Cotang. 
65 Degrees. 



Ootang. I N .sine. N. ooa. 



171013 
170740 
170468 
170196 



10 



169661 
169379 
169107 
168836 
168563 
168291 
168019 
167747 
167476 
167204 



166661 



10 



10 



10 



10. 



166118 
166846 
165576 
165304 
166033 
164762 
164491 
164220 
163949 
163678 
163407 
163136 
162866 
162696 
162326 
162064 
161784 
161613 
161243 
160973 
160703 
160432 
160162 
159892 
159622 
159363 
159083 
158813 
158543 
158274 
158004 
167734 
167465 
167196 
156926 
156657 
166388 
166118 
165849 
156680 
165311 
155042 
164773 



Tang. 



66019 82904 



66943 
66068 



83887 
88871 



6699283866 
6601683839 



66040 
6606483806 
6606883790 
56113 82773 
66136 83767 
6616083741 
6618482724 
66208 82708 



66266 



83676 



6628082669 



66305 
66329 
66363 
66377 
66401 
66426 
56449 
66473 
56497 
56521 
56645 
66569 
66693 
66617 
56641 
56665 



56713 
56736 
56760 
66784 
56808 
56832 
66866 
56880 
66904 
66928 
56952 
50976 
57000 
57024 
57047 
57071 
57095 
57119 
57143 
57167 
57191 
57215 
67238 
67262 
57286 
57310 
57334 
57368 



82643 
82626 
82610 
82693 
82677 
82561 
82644 
82528 
82611 
82496 
82478 
82462 
82446 
82429 
82413 
82396 
82380 
82363 
82347 
82330 
82314 
82297 
82281 
82264 
82248 
82231 
82214 
82198 
82181 
82166 
82148 
82132 
82115 
82098 
82082 
82066 
82048 
82032 
82015 
81999 
81982 
81965 
81949 
81932 
81915 



N. 008. N.8iue. ' 



60 
69 
68 
67 
66 
66 
64 
68 
63 
61 
60 
49 
48 
47 
46 
46 
44 
43 
43 
41 
40 
39 
88 
37 
36 
36 
34 
33 
32 
31 
30 
29 
28 
27 
26 
26 
24 
23 
23 
21 
20 
19 
18 
17 
16 
16 
14 
13 
12 
11 
10 
9 
S 
7 
6 
6 
4 
3 
2 
1 




y 
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Lo(. SiBM and Tangents. (SftO) NatonJ SiiuM. TASUB IL 



T»ag. D. W] Cotang. N. atoe. N. oos. 



34 
26 
36 
37 
38 
39 
30 
31 
33 
33 
34 
36 
36 
37 
38 
39 
40 
41 
43 
43 
44 
46 
46 
47 
48 
49 
60 
61 
63 
63 
64 
66 
66 
67 
68 
69 
60 



9.768691 
768773 
768963 
760133 
769313 
769493 
769673 
769863 
760031 
760311 



9.760669 
760748 
760937 
761106 
761386 
761464 
761643 
761831 
761999 
763177 

9.763366 
763634 
763713 



Sine. 



763067 
763346 
763433 
763600 
763777 
763964 

9.764131 
764306 
764486 
764663 
764838 
766016 
766191 
766367 
766644 
765730 

9.766896 
766072 
766347 
766423 
766698 
766774 



767124 
767300 
767476 
9.767649 
767834 
767999 
768173 
768348 
768633 
768697 
768871 
769046 
769319 



CoBine. 



D. 10" Coiine. 

». 913366 
913376 
913187 
913099 
913010 
913933 
913833 
913744 
913656 
913666 
913477 

1.913888 
913299 
912310 
912121 
912031 
911943 
911863 
911763 
911674 
911684 

1.911496 
911406 
911316 
911336 
911136 
911046 
910966 
910866 
910776 
910586 

1.910696 
910606 
910416 
910336 
910336 
910144 
910064 
909963 
909873 
909783 

1.909691 
909601 
909610 
909419 
909338 
909337 
909146 
909066 
908964 
908873 

1.908781 
908690 
9085 j9 
908607 
908416 
908334 
908333 
906141 
908049 
907968 



30.1 
30.0 
30.0 
30.0 
30.0 
30.0 
39.9 
39.9 
39.9 
39.9 
39.9 
29.8 
29.8 
29.8 
29.8 
29.8 
29.8 
39.7 
39.7 
29.7 
29.7 
29.7 
29.6 
29.6 
29.6 
29.6 
29.6 
29.6 
29.6 
29.6 
29.6 
29.5 
29.6 
29.4 
29.4 
29.4 
29.4 
29.4 
29.4 
29.3 
29.3 
29.3 
29.3 
29.3 
29.3 
29.3 
29.3 
29.2 
29.3 
29.2 
29.1 
39.1 
29.1 
39.1 
39.1 
39.0 
39.0 
39.0 
39.0 
29.0 



Sine. 



D. 10" 



4.7 
4.7 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
.4.8 
4.8 
4.8 
l4.8 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 



3 

3 

3 

3 

6.3 

6.3 

5.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 



.846237 
846496 
846764 
846033 
846303 
846670 



847107 
847376 
847644 
847913 
.848181 
848449 
848717 



849264 
849623 
849790 
860058 
860326 
860693 

.850861 
861139 
861396 
851664 
861931 
853199 
853466 
852733 
853001 
853268 

.853636 
853802 
864069 
864336 
864603 
864870 
865137 
855404 
855671 
855938 

.856204 
856471 
86673t 
857004 
857270 
857537 
867803 
858069 
858336 
858602 
9.858868 
859134 
859400 
859666 
869933 
860198 
860464 
860730 
860996 
861261 



44.8 
44.8 
44.8 
44.8 
44.8 
44.7 
44.7 
44.7 
44.7 
44.7 
44.7 
44.7 
44.7 
44.7 
44.7 
44.7 
44.7 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.6 
44.5 
44.6 
44.6 
44.5 
44.4 
44.4 
44.4 
44.4 
44.4 
44.4 
44.4 
44.4 
44.4 
44.4 
44.4 
44.3 
44.3 
44.3 
44.3 
44.3 
44.3 
44.3 
44.3 
44.3 
44.3 



10. 



. Cotang. 
64 Degreea. 



10 



10 



10 



10 



10 



154773 
164604 
154236 
158967 
163698 
163430 
168161 
168893 
162624 
162366 
162087 
161819 
161551 
161383 
161014 
160746 
150478 
150210 
149943 
149676 
149407 
149139 
148871 
148604 
148336 
148069 
147801 
147534 
147267 
146999 
146732 
146466 
146198 
145931 
145664 
145397 
146130 
144863 
144596 
144329 
144062 
143796 
143629 
143263 
142996 
142730 
142463 
142197 
141931 
141664 
141398 
141132 
140866 
140600 
140334 
140068 
139802 
139636 
139270 
139005 
138739 



57368 81916 

67381 

57405 



81899 
81882 



67439 81866 
67463 81848 
6747781832 
67601 81816 
5752481798 

81782 
67673 8l'y66 
67696 181748 

81731 
67643 81714 
157667 81698 
6769181681 
167715 81664 
67738 81647 



67763 
67786 



81631 
81614 



6781081697 



67833 
67867 
57881 



81680 
81663 
81546 



6790481530 



67938 
67953 
57976 
67999 
68033 
58047 
58070 
58094 
58118 
58141 
58166 
58189 
58312 
5823() 
68260 
68283 
68307. 
68330 



58378 
58401 
58425 
58449 
58472 
68496 



68543 
68667 
58690 
68614 



58755 



Tang. N. cos. >i.sine. 



81513 
81496 
81479 
81462 
81446 
81428 
81412 
81396 
81378 
81361 
81344 
81327 
81310 
81293 
81276 
81259 
81342 
81225 



6836481208 



81191 
81174 
81167 
81140 
81123 
81106 



6861981089 



81072 
81066 
81038 
81021 



68637 81004 
68661 80987 
68684 80970 
58708 80953 
58731 80!^36 



80919 



58779 8U902 



69 
68 
67 
66 
66 
54 
63 
62 
61 
60 
49 
48 
47 
46 
46 
44 
43 
43 
41 
40 



TABUS n. 



Log. Bines uid TancmttB. QUP) VatmnX BbtoB. 
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Bine, p. KX^ Cosine. D.W Tung. 



D. W] Ootonir 



9, 

1 

3 

3 

4 

6 

6 

7 

8 

9 
10 
11 9 
13 
13 
14 
15 
16 
17 
18 
19 
20 
21 19 
23 
23 
24 
25 
26 
27 
28 
29 
30 
31 9 
83 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
61 
53 
53 
54 
55 
56 
57 
58 
59 
60 



769319 
769393 
769566 
769740 
769913 
770087 
770360 
770433 
770606 
770779 
770053 
771126 
771398 
771470 
771643 
771816 
771987 
772169 
772331 
772503 
772676 
772847 
773018 
773190 
773361 
773533 
773704 
773876 
774046 
774217 
774388 
774568 
774729 
774899 
776070 
775340 
775410 
776580 
775750 
775930 
776090 
776359 
776439 
776598 
776768 
776937 
777106 
777275 
777444 
777613 
777781 
777960 
778119 
778287 
778455 
778634 
778793 
778960 
779138 
779296 
779463 



Cosine. 



39.0 
38.9 
38.9 
38.9 
38.9 
38.9 
38.8 
28.8 
38.8 
38.8 
38.8 
38.8 
28.7 
38.7 
38.7 
38.7 
38.7 
33.7 
38.6 
38.6 
38.6 
38.6 
38.6 
38.6 
38.5 
38.6 
38.6 
38.6 
38.6 
38.6 
38.4 
38.4 
38.4 
38.4 
38.4 
38.4 
38.8 
38.3 
28.3 
38.3 
38.3 
28.3 
38.3 
28.3 
38.2 
28.2 
28.2 
28.1 
28.1 
38.1 
38.1 
38.1 
38.1 
28.0 
38.0 
38.0 
38.0 
38.0 
28.0 
37.9 



9.907968 
907866 
907774 
907683 
907690 
907498 
907406 
907814 
907333 
907139 
907037 

9.906946 
906863 
906760 
906667 
906675 
906483 
906389 
906396 
906304 
906111 

9.906018 
906936 
906833 
906739 
906645 
906663 
905459 
905366 
906373 
905179 

9.906065 
904993 
904898 
904804 
904711 
904617 
904633 
904439 
904336 
904341 

9.904147 
904063 



903864 
903770 
903676 
903581 
903487 
903393 
903398 
9.903203 
903108 
903014 
903919 
903834 
903739 
903634 
902539 
903444 
903349 



Sine. 



16.8 
16.3 
16.3 
15.3 
16.8 
16.8 
16.3 
16.4 
16.4 
16.4 
16.4 
16.4 
15.4 
16.4 
16.4 
16.4 
15.4 
15.5 
15.6 
16.5 
16.6 
16.5 
15.5 
15.5 
16.5 
16.6 
15.5 
15.6 
15 .€ 
15.6 
15.6 
16.6 
16.6 
16.6 
16.6 
16.6 
16.6 
15.6 
15.7 
16.7 
16.7 
16.7 
15.7 
16.7 
16.7 
15.7 
15.7 
15.7 
16.7 
16.8 
15.8 
16.8 
16.8 
16.8 
16.8 
16.8 
16.8 
16.8 
16.9 
16.9 



862864 
863119 
863886 
863650 
868916 
.864180 
864446 
864710 
864976 
865340 
865606 
865770 
866036 
866300 
866664 
9.866839 
867094 
867358 
867633 
867887 
868153 
868416 



,861361 
861637 
861793 
863058 



868946 



.869473 
869737 
870001 
870365 
870529 
870793 
871057 
871331 
871685 
871849 

.873113 
872376 
873640 
872903 
873167 
873430 
873694 
873957 
874220 
874484 

1.874747 
876010 
875273 
876636 
875800 
876063 
876326 
876589 
876851 
877114 



44.3 
44.3 

44 3 
44.3 
44.3 
44.3 
44.3 
44.3 
44.3 
44.3 
44.3 
44.3 
44.3 
44.3 
44.1 
44.1 
44.1 
44.1 
44.1 
44.1 
44.1 
44.1 
44.1 
44.1 
44.1 
44.1 
44.0 
44.0 
44.0 
44.0 
44.0 
44.0 
44.0 
44.0 
44.0 
44.0 
44.0 
44.0 
44.0 
44.0 
43.9 
43.9 
43.9 
43.9 
43.9 
43.9 
43.9 
43.9 
43.9 
43.9 
43.9 
48.9 
43.9 
43.8 
43.8 
43.8 
43.8 
43.8 
43.8 
43.8 



10. 



Cotang. 
ftS DegreeB. 



10 



10 



10 



10. 



10 



138739 
138473 
138308 
137943 
137677 
137411 
137146 
136881 
136616 
186860 
136086 
135830 
136566 
136390 
136035 
134760 
134495 
134330 
183965 
188700 
183486 
133171 
132906 
132642 
132377 
132113 
131848 
131684 
131330 
131055 
130791 
130527 
130263 
129999 
129735 
129471 
129207 
138943 
128679 
138415 
138161 
127888 
137634 
127360 
127097 
126833 
126570 
126306 
126043 
126780 
125616 
136363 
124990 
124727 
124464 
134200 
123937 
123674 
123411 
123149 
122886 



N.B 



68779 
1688021 



168873 



168920 
168943 
1 58967 
158990 
69014 
69087 
59061 
59064 
69106 
59131 



N.c 



80903 
80886 
80667 
6884980850 



80833 



6889680816 



80799 
80783 
80765 
80748 
80730 
80713 
80696 
80679 
80663 
80644 



5916480637 



59178 
69301 
59336 



80610 
80593 
80676 



6934880658 
6937380641 
5939680634 
5931880607 
6934280489 



69866 



80472 



59482 
59506 
59529 



Tang. 



59676 



59622 
69646 



69693 
69716 



69763 
69786 



69832 
59866 



6938980466 
69412 80438 
5943680422 
5945980403 



80386 
80368 
80361 



69562'80334 



80316 



5959980299 



80282 
80264 



6966980247 



80230 

80212 



5973980196 



80178 
80160 



6980980143 



80126 
80108 



69879 80U91 
69902 80073 
69926 80066 
80038 
80021 
159996 80003 
60019 



69973 



60042 
60066 
60089 
60112 
60136 
60168 
60182 



79968 
79961 
79934 
79916 
79899 
79881 
79864 



N. COS. N. sine, 



60 
69 
68 
57 
56 
65 
64 
63 
52 
61 
60 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
88 
87 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
33 
22 
21 
20 
19 
18 
17 
16 
16 
14 
13 
13 
11 
10 
9 
8 
7 
6 
6 
4 
8 
3 
1 
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Log. 8ine0 and Tangvntt. (87^ StJbanl Btam. 





1 

3 

3 

4 

6 

6 

7 

8 

9 

10 

11 

13 

13 

14 

16 

16 

17 

18 

19 

30 

31 

33 

33 

34 

35 

36 

37 

88 

30 

39 

31 

33 

83 

34 

35 

36 

37 



40 
41 
43 
43 
44 
46 
46 
47 
48 
49 
60 
51 
63 
63 
54 
55 
56 
57 
58 
59 
60 



Sine. 



9.779463 
779631 
779798 
779966 
780133 
780300 
780467 
780634 
780801 
780968 
781134 

9.781301 
781468 
781634 
781800 
781966 
783133 
783398 
782464 
783630 
782796 

9.782961 
783127 
783382 
783468 
783623 
783788 
783963 
784118 
784282 
784447 

9.784612 
784776 
784941 
786106 
785269 
786433 
786597 
785761 
786926 
786089 

9.786262 
786416 
786679 
786742 
786906 
787069 
787232 
787395 
787567 
787720 

9.787883 
788046 
788308 
788370 
788532 
788694 
788856 
789018 
789180 
789342 
"Coisine. 



D. 1<K' OMdne. 



37.9 
37.9 
37.9 
37.9 
37.9 
37.8 
37.8 
37 .« 
37.8 
37.8 
37.8 
37.7 
37.7 
37.7 
37.7 
37.7 
37.7 
37.6 
37.6 
37.6 
37.6 
37.6 
37.6 
37.5 
27.5 
37.5 
37.5 
37.6 
37.6 
27.4 
37.4 
27.4 
27.4 
37.4 
37.4 
37.3 
37.3 
37.3 
37.3 
37.3 
37.3 
37.3 
37.3 
37.2 
27.3 
37.3 
37.3 
37.1 
27.1 
27.1 
37.1 
27.1 
27.1 
27.1 
27.0 
27.0 
27.0 
27.0 
27.0 
27.0 



903349 
902263 
902158 
902063 
901967 
901872 
901776 
901681 
901686 
901490 
901394 
901298 
901203 
901106 
901010 
900914 
900818 
900722 
900626 
900629 
900433 
900337 
900243 
900144 
900047 



9. 



899767 
899660 
899664 
899467 
899370 
899273 
899176 
899078 
898981 
898884 
898787 



898592 

898494 

9.898397 



8982U2 
898104 
896006 
897908 
897810 
897712 
897614 
897616 
.897418 
897320 
897222 
897123 
897026 



896729 
896631 
8 96632 
""sine. 



wm 



16.9 
16.9 
15.9 
16.9 
16.9 
16.9 
15.9 

15 9 
16.9 
16.9 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 

16 
16*0 
16.0 
16 
16] 1 
16.1 
16.1 
16.1 
16.1 
16.1 
16.1 
16.1 
16.1 
16.1 
16.2 
16.2 
16.2 
16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
16.4 
16.4 
16.4 
16.4 
16.4 
16.4 
16.4 
16.4 
16.4 



Tang. 



.877114 

877377 
877640 
877903 
878165 
878438 
878691 
878963 
879216 
879478 
879741 

.880003 
880266 
880628 
880790 
881052 
881314 
881676 
881839 
882101 
8^2363 
9.883625 
882887 
883148 
883410 
883672 
883934 
884196 
884467 
884719 
884980 

.886242 
886603 
886765 
886026 



886649 
886810 
887072 
887333 
887694 
.887865 
888116 
888377 



888900 
889160 
889421 
889682 
889943 
890204 
.890465 
890726 



891247 
891507 
891768 
892028 



892649 
8 92810 
Ootang. 
62 Degrees. 



D. lO^' 



43.8 
48.8 
43.8 
43.8 
43.8 
43.8 
48.8 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
43.5 
43.6 
43.6 
43.6 
43.5 
43.6 
43.6 
43.6 
43.5 
43.5 
43.4 
43.4 
43.4 
43.4 
43.4 
43.4 
43.4 
43.4 
43.4 
43.4 



Ootang. 



10.132886 
133623 
123360 
133097 
131836 
121672 
131309 
131047 
130784 
120522 
120259 

10.119997 
119735 
119472 
119210 
118948 
118686 
118424 
118161 
11TB99 
117637 

10.117376 
117113 
116862 
116690 
116328 
116066 
116804 
116643 
115281 
116020 

10.114768 
114497 
114236 
113974 
113712 
113451 
113190 
112928 
112667 
112406 

10.112146 
111884 
111623 
111361 
111100 
110840 
110579 
110318 
110067 
109796 

10.109535 
109275 
109014 
108763 
108493 
108232 
107972 
107711 
107451 
107190 
Tang. 



TABLE n. 

N jiine. N. oos. 



60182 
60206 



60228 79829 



60261 



79811 



60274 79793 



60298 
60321 
60344 
60367 
60390 
60414 
60437 
60460 
60483 
C0506 
60529 
60553 
60676 
60699 
60622 
60646 
60668 
60691 
60714 
60738 



79776 
79768 
79741 
79723 
79706 
79688 
79671 
79668 
79636 
79618 
79600 
79583 
79565 
79547 
79530 
79612 
79494 
79477 
79469 
79441 



61084 



79664 
79646 



60761 79424 
60784 79406 
60807 79388 
79371 
79363 
79836 
79318 
79300 
79382 
79264 
79247 
79229 
79211 



60830 
60863 
60876 
60899 
60922 
60946 
60968 
60991 
61015 
61038 
61061 79193 



79176 



61107 79158 



79140 
79122 
79106 
79087 
79069 
79061 
79033 
79016 



61130 
61153 
61176 
61199 
61222 
61245 
61268 
61291 
61314 
61337 
61360 
61383 
61406 
61429 
61461 
61474 
61497 
61620 
61543 
61666 
N. 008. N.8ine. 



78980 
78962 

78944 



78908 
78891 

78873 
78855 
78837 
78819 
78801 



60 
69 
68 
57 
56 
65 
64 
63 
62 
61 
50 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 
39 
38 
37 



TABLfln. 



Lof. fiam and nafUBts. (JttP) Naftonl Msm. 



59 



Sine. i&.10^ CodM. p.l^| 



9.789343 



1 
3 
3 

4 
6 
6 
7 
8 
9 
10 
11 
13 
13 
14 
16 
16 
17 
18 
19 
30 
21 
23 
33 
24 
35 
26 
27 
28 
29 
30 
31 
33 



34 

36 
36 
37 
38 
39 
40 
41 
43 
43 
44 
46 
46 
47 
48 
49 
50 
61 
52 
53 
54 
55 
56 
57 
58 
59 
60 



789604 
789666 
789637 
789988 
790149 
790310 
790471 
790633 
790793 
790964 

9.791116 
791376 
791436 
791696 
791767 
791917 
792077 
792237 
792397 
792667 

9.792716 
792876 
793035 
793195 
793364 
793514 
793673 
793832 
793991 
794150 



96.9 
36.9 
36.9 
36.9 
36.9 
36.9 
36.8 
36.8 
36.8 
36.8 
36.8 
36.8 
36.7 
36.7 
36.7 
36.7 
36.7 
36.7 
36.6 
36.6 
36.6 
36.6 
26.6 
26.6 
26.5 
26.5 
36.5 
26.5 
26.5 
26.5 
26.4 



^0^^-9.36.4 



794467 



7946261 
794784 



!26.4 



794942 
795101 
795259 
795417 
795575 
796733 

9.795891 
796049 
796206 
796364 
796621 
796679 
796836 
796993 
797160 
797307 

9.797464 
797621 
797777 
797934 
798091 
798247 
798403 
798560 
798716 
798873 



.896683 
896433 
896335 
896336 
896187 



36.4 
26.4 
126.4 
■26.4 
,26.3 
26. 3 
26.3 
26. 3 
36.3 
36.3 
36-3 
363 
26.2 
26.2 
26. 2 
36-3 
26.1 
26. 1 
36. 1 
36. 1 
36. 1 
36. 1 
36.1 
36.1 
36.0 
26.0 
26.0 



895840 
896741 
896641 
895643 
.896443 
896343 
895344 
896146 
895046 
894946 
894846 
894746 
894646 
894646 
.894446 
894346 
894346 
894146 
894046 
893946 
893846 
893746 
893645 
893644 
.893444 
893343 
893243 
893142 
893041 
892940 
892839 
892739 



892536 
1.892435 
892334 
8933a3 
892132 
892030 
891929 
891827 
891726 
891624 
891523 
► .891421 
891319 
891217 
891115 
89101J 
890911 
890809 
890707 
890605 
890503 



16.4 
16.6 
16.6 
16.6 
16.6 
16.5 
16.6 
16.6 
16.5 
16.5 
16.6 
16.6 
16.6 
16.6 
16.6 
16.6 
16.6 
16.6 
16.6 
16.6 
16.6 
16.7 
1«.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.8 
16.8 
16.8 
16.8 
16.8 
16.8 
16.8 
16.8 
16.8 
16.8 
16.9 
16.9 
16.9 
16.9 
16.9 
16.9 
16.9 
16.9 
16.9 
17.0 
17.0 
17.0 
17.0 
17.0 
17.0 
17.0 
17.0 
17.0 
17.0 



T»ng. 



ITIO^ 



9.893810 
893070 
893331 
893691 
893861 
894111 
894371 
894633 
894893 
896163 
896413 

9.896673 
895933 
896193 
896463 
896713 
896971 
897231 
897491 
897761 
898010 

9.898270 



899049 
899308 
899568 
899837 
900086 
900346 
900605 

9.900864 
901134 
901383 
901643 
901901 
902160 
902419 
902679 
902938 
903197 

9.903455 
903714 
903973 
901232 
904491 
904750 
905008 
905367 
906626 
906784 

9.906043 
906302 
906560 
906819 
907077 
907336 
907594 
907862 
906111 



43.4 
43.4 
43.4 
43.4 
43.4 
43.4 
43.4 
43.8 
43.8 
43.8 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.2 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.2 
43.3 
43.3 
43.3 
43.3 
43.1 
43.1 
43.1 
43.1 
43.1 
43.1 
43.1 
43.1 
43.1 
43.1 
43.1 
43.1 
43.1 
43.1 
43.1 
43.1 
43.1 
43.1 
43.1 
43.0 



10.197190 



10. 



Ootoag. [iCriae! 



6166678801 



10 



106409 
106149 
105889 
105639 
105368 
105108 
^04848 
101588 
104338 
104068 
103808 
103548 
103288 
103029 > 
1027691 
102509! 
102349 
101990 
101730 
101470 
101311 
100951 
100692 
100433 
100173 
099914 
099664 



61589 
61613 
61636 
61668 
61681 



10. 



10 



10 



099136 
098876 
098617 
098358 
098099 
097840 
097581 
097321 
097063 
096803 
096545 
096286 
096027 
095768 
096509 
095250 
094992 
094733 
094474 
094216 
.093967 



093440 
093181 
092923 



092406 
093148 
091889 
091631 



61736 
61749 
61772 
61795 



W 



78783 
78765 
78747 
78739 
78711 



6170478694 



78676 
78668 
78640 
78622 



6]818[78604 



61841 
61864 
61887 
61909 
61932 
61955 
61978 
63001 
63034 



78586 
78668 
78550 
78533 
78514 
78496 
78478 
78460 
78442 



6204678424 



62069 
63092 
62116 
62138 



78405 
78387 
78369 
78361 



6216078333 



62183 
62206 
62229 
62251 



78315 
78297 
78279 
78261 



6227478243 
62297 
62320 
62342 



63433 
63466 
63479 
62603 
63634 



62692 
62615 



62706 
62738 
68751 
63774 



62932 



78225 
78206 
78188 
78170 
62388 78152 
62411 78134 



78116 
78098 
78079 
78061 
78043 



63647 78025 
6257078007 



77988 
77970 
77962 
62660 77934 
77916 
77897 
77879 
77861 
77843 
63796 77824 
63819 77806 
62842 77788 
62864 77769 
62887 77751 
62909 77783 



77716 



60 
69 
58 
67 
66 
56 
64 
53 
53 
51 
60 
49 
48 
'47 
46 
45 
44 
43 
42 
41 
40 



37 

36 

36 

34 

33 

32 

31 

30 

29 

28 

27 

26 

26 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

6 

4 

3 

3 

1 





Cosine. 



•Sine. 



Cotang. 
61 Deyre«g. 



Tang. 



N. COB. N.sine. 



20 



Log. SIdm and Tuisents. (89^ Natnnl Sines. 



TABLB n. 



D. 10" 



op 

1 

3 
8 

4 
6 
6 
7 
8 
9 
10 

n 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 



799496 
799661 
799806 
799963 
800117 
800272 
800427 

9.800682 
800737 
800892 
801047 
801201 
801366 
801511 
801666 
801819 
801973 

9.802128 
802282 
802436 



Sliw. 



D. UKI Ootiner 



.798772 
799028 
799184 



802743 
8028i^7 
803050 
803204 
803367 
803511 

9.803664 
803817 
803970 
804123 
804276 
804428 
804681 
804734 
804886 
805039 

9.805191 
805343 
805495 
805647 
805799 
806961 
806103 
806264 
806406 
806557 

9.806709 
806860 
807011 
807163 
807314 
807465 
807615 
807766 
807917 
808067 



Cosine. 



36.0 
26.0 
36.0 
36.9 
36.9 
36.9 
26.9 
36.9 
36.9 
36.8 
36.8 
36.8 
36.8 
36.8 
36.8 
36.8 
36.7 
36.7 
35.7 
36.7 
36.7 
36.7 
26.6 
26.6 
26.6 
26.6 
25.6 
26.6 
25.6 
25.6 
25.6 
26.6 
26.6 
26.5 
26.5 
26.4 
26.4 
26.4 
26.4 
26.4 
26.4 
25.4 
26.3 
26.3 
26.3 
26.3 
25.3 
26.3 
26.3 
26.2 
26.2 
25.2 
26.2 
25.2 
26.2 
26.2 
26.1 
25.1 
26.1 
26.1 



889785 
889682 
889679 
889477 
9.889374 
889271 
889168 
889064 
888961 



.890603 
890400 
890298 
890196 
890098 



888756 
888661 
888648 
888444 
.888341 
888237 
888134 
888030 
887936 
887822 
887718 
887614 
887610 
887406 
.887302 
887198 
887093 
886989 
88(i886 
886780 
886676 
886571 
886466 
886362 
.886257 
886162 
886047 
885942 
886837 
885732 
885627 
885622 
885416 
885311 
.885205 
885100 
884994 
884889 
884783 
884677 
884572 
884466 
884360 
884254 



Sine. 



. lO"! 



17.0 
17.1 
17.1 
17.1 
17.1 
17.1 
17.1 
17.1 
17.1 
17.1 
17.1 
17.3 
17.3 
17.3 
17.3 
17.3 
17.3 
17.3 
17.2 
17.3 
17.3 
17.3 
17.3 
17.3 
17.3 
17.3 
17.3 
17.3 
17.3 
17.3 
17.4 
17.4 
17.4 
17.4 
17.4 
17.4 
17.4 
17.4 
17.4 
17.4 
17.5 
17.5 
17.6 
17.6 
17.6 
17.5 
17.6 
17.5 
17.6 
17.6 
17.6 
17.6 
17.6 
17.6 
17.6 
17.6 
17.6 
17.6 
17.6 
17.6 



Tmng.* 



.908369 
908628 
908886 
909144 
909402 
909660 
909918 
910177 
910436 
910693 
910951 

.911309 
911467 
911734 
911982 
912240 
913498 
912766 
913014 
913271 
913629 

.913787 
914044 
914302 
914660 
914817 
916075 
916332 
915690 
915847 
916104 

.916362 
916619 
916877 
917134 
917391 
917648 
917905 
918163 
918420 
918677 

.918934 
919191 
919448 
919705 
919962 
920219 
920476 
920733 
920990 
921247 

.921503 
921760 
922017 
922274 
922630 
922787 
923044 
923300 
923557 
923813 



Ootang. 
60 Degrees. 



48.0 
43.0 
43.0 
43.0 
43.0 
43.0 
43.0 
43.0 
43.0 
43.0 
43.0 
43.0 
43.0 
43.0 
43.0 
43.0 
43.0 
43.0 
42.9 
42.9 
42.9 
42.9 
42.9 
42.9 
42.9 
4ttf.9 
42.9 
42.9 
42.9 
42.9 
42.9 
42.9 
42.9 
42.9 
42.9 
42.9 
42.9 
42.9 
42.8 
42.8 
42.8 
42.8 
42.8 
42.8 
42.8 
42.8 
42.8 
42.8 
42.8 
42.8 
42.8 
42.8 
42.8 
42.8 
42.8 
42.8 
42.8 
42.8 
42.8 
42.7 



10.091631 
091373 
091114 
090866 
090698 
090340 
090083 



Gotang. 



089666 
089307 
089049 

10.068791 
088633 
088376 
068018 
087760 
067602 
087344 
066986 
086729 
086471 

10.086213 
086956 



N.I 



086440 
086183 
084926 
084668 
084410 
084153 
083896 

10 083638 
083381 
083123 
082866 
082609 
082352 
082095 
081837 
081680 
081323 

10. 081066' 
080809 
080552 
080295 
080038 
079781 
079524 
079267 
079010 
078753 ' 

10.078497 
078240 
077983 
077726 
0774701 
077213 
076956 i 
0767001 
0764431 
076187 



Tai>g. 



6293377716 



62956 
62977 
63000 
63022 



77696 
77678 
77660 
77641 



63046 77623 



63068 
63090 
63113 



77605 
77586 
77668 



63136 77660 



63158 



93180 77513 



63203 
63226 
63248 
63271 
63293 
63316 
63338 
63361 
63383 
63406 
63428 
63451 
63473 
63496 
63618 
63540 
63563 
63585 
63608 
63630 
63653 
63676 
63698 
63720 
63742 
63765 
63787 
63810 
63832 
63854 
63877 
63899 
63922 
63944 
6396b 



64011 

64033 

64056 

64078 

64100 

64123 76' 

64145 

64167 

64190 

6421L: 

64234 

64256 

64279 



60 



77531 



77494 
77476 
77468 
77439 
77421 
77402 
77884 
77366 
77347 
77329 
77310 
77292 
77273 
77255 
77236 
77218 
77199 
77181 
77162 
77144 
77126 
77107 
77088 
77070 
77051 
77033 
77014 
76996 
76977 
76959 
76940 
76921 
76903 
7li884 
76866 



6398ii 76847 



76828 
76810 
76791 
76772 
76754 

>736 
76717 
76698 
76679 
76061 
76642 

6623 
76604 



N. COR. N.pine. 



59 
68 
67 
66 
66 
64 
63 
62 
51 
50 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
6 
4 
3 
2 
1 




TABLE n. 



Lof . fliuM and Tangviits. (40°) Ntttiina gbiM. 



61 




1 

3 
8 

4 
6 
6 
7 
8 
9 
10 
11 
13 
13 
14 
16 
16 
17 
18 
19 
30 
31 
33 
33 
34 
36 
36 
37 
38 
39 
30 
31 
33 
33 
34 
36 
36 
37 
38 
39 
40 
41 
43 
43 
44 
45 
46 
47 
48 
49 
60 
61 
63 
63 
64 
66 
66 
67 
68 
69 
60 



9.808067 
808318 



9.809718 



fflae. [P.jyq OoaiiM. \t.l&^ Jang. \t>AO^\ Ootiig. I N Jine. W. cm": 



808519 



808819 



809119 



809419 



810017 
810167 
810316 
810466 
810614 
810763 
810913 
811061 
.811310 
811368 
811507 
811656 
811804 
811963 
813100 
813348 
813396 
813644 

9.813693 
813840 
813988 
813136 
813383 
813430 
813678 
813736 
813873 
814019 

9.814166 
814313 
814460 
814607 
814763 
814900 
815046 
815193 
815339 
815485 

9.815631 
815778 
815934 
816069 
816316 
816361 
816607 
816663 
816798 
816943 



Cosine. 



36.1 
35.1 
36.1 
36.0 
36.0 
36.0 
36.0 
36.0 
36.0 
34.9 
34.9 
34.9 
34.9 
34.9 
34.9 
34.8 
34.8 
34.8 
34.8 
34.8 
34.8 
34.8 
34.7 
34.7 
34.7 
34.7 
34.7 
34.7 
34.7 
34.6 
34.6 
34.6 
34.6 
34.6 
34.6 
34.6 
34.5 
34.5 
34.5 
34.5 
24.6 
34.6 
24.5 
24.4 
34.4 
24.4 
24.4 
34.4 
24.4 
24.4 
24.3 
24.3 
24.3 
24.3 
24.3 
24.3 
24.3 
24.2 
24.3 
34.3 



.884354 
884148 
884043 



883733 
883617 
883610 
888404 



883191 
.883084 
883977 
883871 
883764 
883667 
883660 
883443 



883339 
883131 
.883014 
881907 
881799 
881693 
881584 
881477 
881369 
881261 
881163 
881046 
9.880988 
880830 
880733 
880613 
880505 
880397 



880180 
880072 
879963 
.879856 
879746 
879637 
879629 
879420 
879311 
879202 
879093 
878964 
878876 
.878766 
878656 
878547 
878438 
878328 
878219 
878109 
877999 
877890 
877780 



Sine. 



.938818 
934070 
934337 



934840 
936096 
936363 
936609 
936866 
936133 
936378 
.936634 
936890 
937147 
937403 
937659 
937916 
938171 
938437 



928940 
.929196 
939463 
939708 
939964 
930330 
930475 
930731 
930987 
931343 
931499 
.931766 
933010 
933366 
933633 
933778 



933645 
933800 
934056 
.934311 
934667 
934833 
935078 
936333 
935689 
936844 
936100 
936355 
936610 
9.936866 
937121 
937376 
937633 
937887 
938142 
938398 
938653 



939163 



43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.7 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
43.6 
42.6 
42.6 
42.6 
42.6 
43.6 
43.6 
43.6 
43.6 
43.6 
42.6 
43.6 
42.6 
43.6 
43.6 
43.6 
43.6 
42.6 
43.6 
42.6 
43.6 
43.6 
43.6 
42.5 
42.5 
43.6 
43.6 
43.6 
43.6 



10 



Ootang. 



49 Degreea. 



10 



10 



076187 
076930 
076673 
075417 
076160 
074904 
074648 
074391 
074136 
073878 
073623 
,073366 
073110 
073863 
073697 
073341 
073065 
071829 
071573 
071817 
071060 
,070804 
070648 
070393 
070036 
069780 
069525 



10 



10 



10 



069013 
068757 
068501 
,068345 
067990 
067734 
067478 
067222 
066967 
066711 
066455 
066200 
065944 
065689 
065433 
065177 
064923 
064667 
064411 
064156 
063900 
063645 
063390 
.063134 
062879 
062624 
062368 
062113 
061858 
061602 
061347 
061093 
060837 



6437976604 
6480176686 
64338 76667 
64346 76648 



64368 



76630 



6439076611 
64413 76493 
64436 76473 
76466 
76436 
76417 



64457 
64479 
64601 
6453476396 



64646 
64568 
64690 



76380 
76361 
76342 



64612 76333 



64635 



76304 



64657 76286 



64679 
64701 
64723 
64746 
64768 
64790 
64812 
64834 
64856 
64878 
64901 
64923 
64945 



65011 
66033 
65065 
66077 
66100 
66122 
66144 
66166 



66232 
65254 
66276 
65298 
65320 
65842 
65364 
65386 
65408 
65430 
65462 
65474 
65496 
66518 
65540 
65562 
65584 
65606 



Tang, li N. oob. N.aine. 



76267 
76248 
76339 
76310 
76193 
76173 
76154 
76135 
76116 
76097 
76078 
76059 
76041 



64967 76022 



75984 
75965 
75946 
75927 
75908 
75889 
75370 
6851 



65188 75832 
6521075813 
75794 
75776 
76i56 
5738 
75719 
5700 
5680 
5661 
75642 
75623 
75604 
'5685 
75566 
75547 
75528 
75509 
75490 
75471 



69 
68 
67 
66 
66 
64 
63 
53 
51 
60 
49 
48 
47 
46 
46 
44 
43 
43 
41 
40 



Lof. Hum and Tuic«Bts. (U^) ITatanl fliiMt. 



TABLin. 





1 

9 

8 

4 

6 

6 

7 

8 

9 

10 

11 

13 

13 

14 

16 

16 

17 

18 

19 

20 

31 

33 

33 

34 

36 

26 

37 

38 

39 

30 

31 

32 

33 

34 

35 

36 

37 



40 
41 
43 
43 
44 
46 
46 
47 
48 
49 
50 
61 
63 
63 
64 
66 
66 
57 
68 
69 
60 



D. loq OodoA. ID. l(r' 



9.816948 
817068 
817338 
817379 
817534 
817668 
817813 
817968 
818103 
818347 
818393 

9.818636 
818681 
818836 
818969 
819113 
819357 
819401 
819545 
819689 
819833 

9.819976 
830130 
830263 
830400 
820560 
820693 
820836 
820979 
821122 
821265 

9.821407 
821550 
821693 
821835 
821977 
822120 



822404 
822546 
822688 
9.822830 
822972 
823114 
823256 



823539 
823680 
833821 
823963 
824104 
9.824245 
824386 
824627 
824668 
824808 
824949 
825090 
825230 
826371 
826611 



Coaine. 



24.2 
24.3 
34.3 
34.8 
34.1 
34.1 
34.1 
34.1 
34.1 
24.1 
34.1 
34.0 
34.0 
34.0 
34.0 
24.0 
34.0 
34.0 
33.9 
23.9 
23.9 
23.9 
23.9 
23.9 
23.9 
23.8 
23.8 
23.8 
23.8 
23.8 
23.8 
23.8 
23.8 
23.7 
23.7 
23.7 
23.7 
23.7 
23.7 
23.7 
23.6 
23.6 
23.6 
23.6 
23.6 
23.6 
33.6 
23.6 
23.6 
23.6 
23.6 
23.6 
23.6 
23.6 
23.4 
23.4 
23.4 
23.4 
23.4 
23.4 



9. 



.877780 
877670 
877660 
877460 
877340 
877330 
877130 
877010 
876899 
876789 
876678 

.876668 
876467 
676347 
876336 
876136 
876014 
876904 
875793 
876683 
876671 

.876469 
875348 
876237 
876126 
876014 
874903 
874791 
874680 
874668 
874456 

.874844 
874232 
874131 
874009 
873896 
873784 
873672 
873560 
873448 
873335 

.873223 
873110 
872998 
872886 
872773 
873669 
873647 
872434 
872321 
872208 
873096 
871981 
871868 
871755 
871641 
871528 
871414 
871301 
871187 
871073 



Sine. 



18.8 
18.8 
18.8 

18.8 
18.3 
18.4 
18.4 
18.4 
18.4 
18.4 
18.4 
18.4 
18.4 
18.4 
18.5 
18.6 
18.6 
18.6 
18.6 
18.6 
18.6 
18.5 
18.6 
18.6 
18.6 
18.6 
18.6 
18.6 
18.6 
18.6 
18.6 
18.6 
18.7 
18.7 
18.7 
18.7 
18.7 
18.7 
18.7 
18.7 
18.7 
18.7 
18.8 
18.8 
18.8 
18.8 
18.8 
18.8 
18.8 
18.8 
18.8 
18.9 
18.9 
18.9 
18.9 
18.9 
18.9 
18.9 
18.9 
18.9 



Tuff. p. 10^ OoUng. [(W.tJne. W.eoa. 



939163 
939418 
939673 



940183 
940488 
940694 
940949 
941304 
941468 
941714 

.941968 
943333 
943478 
943733 
943968 
943343 
943498 
943762 
944007 
944362 

.944517 
944771 
946026 
946281 
946636 
945790 
946046 
946299 
946664 
946808 

.947063 
947318 
947672 
947826 
948081 
948336 
948690 
948844 
949099 
949363 

.949607 
949862 
960116 
950370 
950625 
950679 
951133 
961388 
951642 
951896 

.952160 
952405 
952659 
952913 
953167 
953421 
953675 
963929 
954183 
954437 



Ootarig. 
48 Degreeg. 



10.060637 
060683 
060337 
060073 
059817 
059662 
050306 
069051 
068796 
068643 
058386 

10.068033 
067777 
067633 
067267 
067012 
066767 
056602 
050248 
055993 
066738 

10.066483 
066229 
064974 
054719 
054465 
064210 
053955 
053701 
053446 
053192 

10.062937 
062682 
052428 
032174 
051919 
051664 
051410 
051156 
050901 
050647 

10.060393 
050138 
049884 
049630 
049375 
049121 
048867 
048612 
048358 
048104 

10.047860 
047595 
047341 
047087 
046833 
046679 
046326 
046071 
046817 
046563 



66606 76471 
66638 76463 
66660 



76433 
66673 76414 
6669476396 
66716 
65738 
66759 
65781 



75376 
76366 
75337 
76318 
66603 75399 
65836 76380 
66847 76361 
66869 76341 



66891 
66913 
66936 
66956 



76333 
76303 
76184 
76166 



65978 76146 
6600076136 
66033 76107 
66044 75068 



66066 
,,'66088 
|l 66109 
i; 66131 
66153 
66176 
66197 
66218 
66240 
66262 
66284 
66306 
66327 
66349 
66371 
66393 
66414 



66458 
66480 
66501 
66523 
66545 
66666 
66588 
66610 
66632 
66663 
66675 
66697 
66718 
66740 
66762 
66783 
66806 
66827 
66848 
66870 
66891 



Tang. N. oos. N.8ine. 



76069 
76060 
76080 
76011 
74993 
74973 
74963 
74934 
74916 
74896 
74876 
74867 
74838 
74818 
74799 
74780 
74760 
74741 
74732 
74703 
74683 
74663 
74644 
74626 
74606 
74586 
74567 
74548 
74632 
74509 
74489 
74470 
74461 
74431 
74412 
74392 
74373 
74363 
74334 
74314 



60 
69 
66 
67 
66 
66 
64 
53 
63 
61 
60 
49 
46 
47 
46 
46 
44 
43 
43 
41 
40 
39 
88 
87 
36 
36 
34 
33 
33 
31 
30 
39 
38 
37 
36 
35 
34 
33 
33 
31 
30 
19 
18 
17 
16 
15 
14 
13 
13 
11 
10 
9 
8 
7 
6 
6 
4 
8 
8 
1 




TASLMJL 



IiQf. flioM and T»aguiti. (43P)* Natnnl SbiM. 



63 



' \ ftba. fiA&'\ &dn<. |b.i0^1 fmg. 6. 10>^ Ootwig. ' |N.riiH>.N< 



1 

3 
3 
4 
6 
6 
7 
8 
9 
10 
11 
13 
13 
14 
15 
16 
17 
18 
19 
30 
31 
83 
33 
34 
36 
36 
37 
38 
39 
30 
81 
33 
33 
34 
35 
36 
37 



9.836511 



836651 
835791 
835931 
836071 
836211 
836351 
836491 
826631 
836770 
836910 
9.837049 
837189 
837328 
837467 
837606 
837745 
837884 
828023 
828163 



9.838439 
828678 
838716 
828855 



40 
41 

43 
43 
44 
45 
46 
47 
48 
49 
50 
51 
63 
53 
54 
55 
56 
57 
68 
59 
60 



839131 



829407 
829545 



9.829821 
829959 
830097 
830234 
830372 
830509 
830646 
830784 
830921 
831068 

9.831195 
831332 
831469 
831606 
831742 
831879 
832015 
832152 
832288 
832425 

9,832561 
832697 
832833 



833105 
833341 
833377 
833612 
833648 
833783 



.871073 
870960 
870846 
870732 
870618 
870504 
870390 
870276 
870161 
870047 
869933 
9.869818 
869704 



869245 
869130 
869015 
868900 
868785 
9.868670 
868556 
868440 
868324 
868209 



869474 



867978 
867862 
867747 
867631 
9.867615 
867399 
867283 
867167 
867061 



866819 
866703 
866586 
866470 

9.866353 
866237 
866120 
866004 
865887 
866770 
866663 
865636 
865419 
866302 

[9.865185 
866068 
864950 
864833 
864716 
864596 
864481 
864363 
864246 
864127 



19.0 
19.0 
19.0 
19.0 
19.0 
19.0 
19.0 
19.0 
19.0 
19.1 
19.1 
19.1 
19.1 
19.1 
19.1 
19.1 
19.1 
19.1 
19.2 
19.3 
19.3 
19.3 
19.2 
19.3 
19.3 
19.2 
19.2 
19.3 
19.3 
19.3 
19.3 
19.3 
19.3 
19.3 
19.3 
19.3 
19.4 
19.4 
19.4 
19.4 
19.4 
19.4 
19.4 
19.4 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.6 
19.6 
19.6 
19.6 
19.6 
19.6 
19.6 



.954437 
954691 
954945 
965200 
955454 
955707 
955961 
956216 
966469 
966723 
966977 

.967231 
957486 
967739 
967993 
958246 
968500 
958754 
959008 
959262 
969616 

.969769 
960023 
960277 
960631 
960784 
961038 
961291 
961645 
961799 
962062 

.962306 
962660 



963067 
963320 
963674 
963827 
964061 
964336 
964588 
.964842 
965095 
965349 
965602 
965865 
966109 
966362 
966616 



967123 
.967376 
967629 
967883 
968136 



968643 



969149 
969403 
969666 



43.8 
43.8 
43.3 
42.8 
42.8 
43.3 
43.8 
43.3 
43.3 
43.8 
43.3 
48.3 
43.3 
43.3 
43.3 
43.8 
43.3 
43.3 
43.8 
43.3 
43.3 
43.3 
43.3 
43.3 
42.3 
42.3 
42.3 
42.3 
42.3 
42.3 
42.3 
42.3 
43.3 
42.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.3 
43.2 
43.3 
43.3 
42.3 
42.2 
42.3 
43.3 
43.3 
43.2 



10 



10 



10 



045568 
045309 
045065 
044800 
044546 
044293 
044039 
043786 
043531 
043277 
043023 
042769 
042516 
042261 
042007 
041754 
041500 
041246 
040992 
040738 
040484 
,040231 
039977 
039723 



039216 



10 



038709 
038456 
038201 
037948 
,037694 
037440 
037187 



10 



036426 
036178 
036919 
036665 
036412 
035158 
034906 
034661 
034398 
034145 



10 



033638 
033384 
033131 
032877 
.032624 
032371 
032117 
031864 
031611 
031357 
031104 
030851 
030697 
030344 



66918 



66978 



67021 
67043 
67064 
67066 
67107 
67129 
67161 
67172 
67194 
67316 
67237 
67268 
67280 
67301 
67323 



74314 

74296 
74376 
74266 
74237 
74217 
74198 
74178 
74169 
74139 
74120 
74100 
74080 
74061 
74041 
74022 
74002 
73983 
73963 
73944 



6734473924 



67366 
67387 
67409 
67430 
67452 
67473 
67496 
67516 
67538 
67669 
67680 
67602 
67623 
67645 
67666 
67688 
67709 
67730 
67762 
67773 



67816 
67837 
67869 
67880 
67901 
67923 
67944 
67966 
67987 



68072 
68093 
68116 



68200 



73904 
73885 
73866 
73846 
73826 
73806 
73787 
73767 
73747 
73728 
73708 
73688 



73649 
73629 I-25 



73610 
73590 
73670 
73561 
73631 



67795 73511 



73491 
73472 
73462 
73432 
73413 
73393 
73373 
73353 
73333 



68008 73314 
68029 73294 
68061 73274 



73254 
73234 
73216 



68136 73196 
68157 73175 
68179 73156 



73135 



24 

33 

33 

21 

20 

19 

18 

17 

16 

15 

14 

13 

13 

11 

10 

9 

8 

7 

6 

5 

4 

8 

3 

1 





Goshiie. 



Sine. 



Cotangi 
47 Degreea. 



Tang. 



N. 000. N.sine. ' 
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TABLSIL 



9.838788 



1 

3 

8 

4 

6 

6 

7 

8 

9 

10 

11 

13 

13 

14 

16 

16 

17 

18 

19 

30 

21 

23 

23 

34 

26 

36 

37 

38 

29 

30 

31 

33 

33 

34 

36 

36 

37 



833919 
834054 
834189 
834326 
834460 
834696 
834730 
834866 
834999 
836134 
9.836369 
836403 



40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
'63 
64 
66 
66 
67 
68 
69 
60 



fltoa. |D.iy^ Oodne. 



836672 
836807 
836941 
836076 
836309 



836477 
9.836611 
836746 
836878 
837012 
837146 
837279 
837412 
837646 
837679 
837812 
9.837946 
838078 
838211 
838344 
838477 
838610 
838742 
838876 
839007 
839140 
9.839272 
839404 
839636 



839800 
839932 
840064 
840196 
840328 
840469 
9.840691 
840722 
840864 
840986 
841116 
841247 
841378 
841509 
841640 
841771 



Cosine. 



33.6 
22.6 
22.6 
22.6 
33.6 
33.6 
23.6 
33.6 
33.6 
22.4 
23.4 
33.4 
33.4 
23.4 
33.4 
23.4 
33.4 
33.3 
22.3 
22.3 
22.3 
22.3 
32.3 
22.3 
23.3 
23.2 
33.3 
33.2 
33.3 
33.3 
33.2 
23.3 
33.1 
33.i 
33.1 
33.1 
33.1 
33.1 
33.1 
33.1 
33.0 
33.0 
22.0 
22.0 
22.0 
22.0 
22.0 
21.9 
21.9 
21.9 
21.9 
21.9 
21.9 
21.9 
21.9 
21.8 
21.8 
21.8 
21.8 
21.8 



.864137 
864010 



863774 
863666 
863638 
863419 
863301 
863183 
863064 



.862827 
862709 
862690 
862471 



862234 
862116 
861996 
861877 
861768 

.861638 
861619 
861400 
861280 
861161 
861041 
860922 
860802 
860682 
860562 

.860442 



860202 
860062 



869842 
869721 
869601 
869480 
869360 
.869339 
869119 



868877 
868766 
868636 
858614 



868272 
858161 
.868029 
867908 
867786 
867666 
867543 
867422 
867300 
857178 
867066 
866934 



Sine. 



19.6 
19.6 
19.7 
19.7 
19.7 
19.7 
19.7 
19.7 
19.7 
19.7 
19.8 
19.8 
19.8 
19.8 
19.8 
19.8 
19.8 
19.8 
19.8 
19.8 
19.9 
19.9 
19.9 
19.9 
19.9 
19.9 
19.9 
19.9 
19.9 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.1 
20.1 
20.1 
20.1 
20.1 
20.1 
20.1 
20.1 
20.2 
20.3 
20.2 
20.2 
20.2 
20.2 
20.2 
20.2 
20.2 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 



Tfcng. 
9.969666 



970162 
970416 
970669 
970922 
971176 
971429 
971682 
971936 
972188 

.973441 
973694 
972948 
973301 
973464 
973707 
973960 
974313 
974466 
974719 

.974973 
976226 
976479 
976732 
976986 
976238 
976491 
976744 
976997 
977260 

.977603 
977766 
978009 
978262 
978615 
978768 
979021 
979274 
^9627 
979780 

.980033 
980286 
980538 
980791 
981044 
981297 
981550 
981803 
982056 
982309 

.982662 
982814 
983067 
983320 
983573 
983826 
984079 
984.331 
984584 
984837 



6. m OatMagT 



43.3 
43.3 
43.3 
42.2 
43.3 
42.2 
42.3 
42.2 
43.2 
43.3 
43.3 
43.2 
42.2 
43.3 
43.3 
42.2 
43.2 
43.2 
43.3 
43.3 
43.3 
43.3 
42.3 
43.3 
43.3 
43.3 
43.2 
42.2 
42.2 
42.2 
42.2 
42.2 
42.2 
42.2 
42.2 
42.2 
42.2 
42.2 
42.2 
42.2 
42.3 
43.2 
42.2 
42.2 
43.1 
42.1 
42.1 
43.1 
42.1 
42.1 
43.1 
42.1 
42.1 
42.1 
42.1 
42.1 
42.1 
42.1 
42.1 
42.1 



Ootang. 
46 Degnea. 



10. 



10 



030344 
030091 
029638 
029684 
029331 
029078 
028825 
038671 
028318 
038066 
027812 
037669 
027306 
037052 
026799 
026546 



10 



10 



10 



10 



036040 
036787 
026534 
026281 
.036037 
024774 
024521 
024268 
024015 
023762 
023609 
023266 
023003 
022750 
022497 
022244 
021991 
031738 
021485 
021232 
020979 
020736 
030473 
020220 
019967 
019714 
019462 
019209 
018966 
018703 
018460 
018197 
017944 
017691 
017438 
017186 



016680 
016427 
016174 
015921 
016669 
015416 
015163 



Tang. 



6820073136 



68221 
68242 
68264 
68285 



68349 
68370 



68412 



73116 
73096 
73076 
73056 
73036 
73016 
72996 
72976 
72967 
72937 



6843472917 
6846672897 



68476 
68497 
68618 
68539 
68661 



72877 
72867 
72837 
72817 
72797 



6868273777 
72767 
72737 
72717 
73607 
73677 
72667 

6873073637 



68624 
68646 



68709 



68761 
68772 
68793 
68814 
68835 
68867 
68878 



68941 
68962 
68983 
69004 
690^5 
69046 
69067 
69088 
69109 
69130 
69161 



69193 



69235 
69266 
69277 
69298 
69319 
69340 
69361 
69382 
69403 



69446 



72617 
72697 
72677 
72657 
72637 
72617 
72497 



6889972477 
6892072467 



72437 
72417 
72397 
72377 
72367 
72337 
72317 
72297 
72277 
72287 
72236 



6917272216 



73196 



69214 72176 



72156 
73136 
72116 
72095 
72076 
72065 
72036 
72016 
71996 



6942471974 



71954 
71934 



N. COS. N.sine. 



47 
46 
46 
44 

43 

43 

41 

40 

39 

38 

37 

36 

36 

34 

33 

33 

31 

30 

39 

38 

27 

26 

26 

24 

23 

23 

21 

30 

19 

18 

17 

16 

16 

14 

18 

13 

11 

10 

9 

8 

7 

6 

6 

4 

8 

3 

1 





TABLBIL 



hog. Bam Md Ttaic«nt0. (44P) Nstanl SIhm. 



Siaa. D.l(y^ Oodne. tkW Tmg. |D. lyq OotMig. |N. lipeTyrcoB. 




1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
3? 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
51 
62 
/53 
54 
56 
66 
67 
68 
69 
60 



.841771 
841902 
842033 
842163 
842294 
842424 
842666 
848686 
842816 
842946 
843076 

.843206 
843336 
843466 
843696 
843726 
843866 
843984 
844114 
844243 
844372 

.844602 
844631 
844760 
844889 
846018 
846147 
845276 
846406 
846533 
846662 

.846790 
846919 
846047 
846176 
846304 
846432 
846660 
846688 
846816 
846944 

.847071 
847199 
847327 
847454 
847683 
847709 
847836 
847964 
848091 
848218 

.848345 
848472 
848699 
848726 
848862 
848979 
849106 
849232 



849486 



9.866984 
866812 



866668 
866446 
866323 
866201 
856078 
856966 



865711 
9.866688 
856466 
866342 
866219 
866096 
864973 
864860 
864727 
864603 
864480 
9.864356 
864233 
854109 



863738 
863614 
863490 
863366 
853242 
9.863118 
862994 



852745 
862620 
862496 
852371 
852247 
852122 
851997 

9.861872 
861747 
851622 
851497 
861372 
861246 
851121 
850996 
860870 
850745 

9.860619 
850493 
850368 
850242 
850116 
849990 
849864 
849738 
849611 
849485 



20.8 
20.3 
20.4 
20.4 
20.4 
20.4 
20.4 
20.4 
20.4 
20.4 
20.6 
20.6 
20.6 
20.6 
30.6 
20.5 
90.6 
20.6 
20.6 
20.6 
20.6 
20.6 
20.6 
20.6 
20.6 
20.6 
20.6 
20.7 
20.7 
20.7 
20.7 
20.7 
20.7 
20.7 
20.7 
20.7 
20.8 
20.8 
20.8 
20.8 
20.8 
20.8 
20.8 
20.8 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
21.0 
21.0 
21.0 
21.0 
21.0 
21.0 
21.0 
21.0 



9.984887 
986090 
985343 
986696 
985848 
986101 
986354 
986607 
986860 
987112 
987365 

19.987618 
987871 
988123 
988376 
988629 



989134 
989387 
989640 



9.990145 



990661 
990903 
991166 
991409 



991914 
992167 
992420 
9.992672 
992926 
993178 
993430 



994189 
994441 



994947 
9.996199 
996462 
996705 
995967 
996210 
996463 
996716 



997221 
997473 
9.997726 
997979 
998231 
998484 
998737 



999242 

999496 

999748 

10.000000 



10.016163 
014910 
014667 
014404 
014162 
013899 
013646 



013140 
012888 
012636 

10.012382 
012129 
011877 
011624 
011371 
011118 
010866 
010613 
010360 
010107 

10.009856 
009602 



009097 
008844 
008591 
008338 
008086 
007833 
007680 

10.007328 
-007076 
006822 
006670 
006317 
006064 
005811 
005559 
006306 
006053 

10.004801 
004548 
004295 
004043 
003790 
003637 
003285 
003032 
002779 
002527 

10.002274 
002021 
001769 
001516 
001263 
001011 
000768 
000606 
000253 
000000 



6946671934 
69487 71914 
6950871894 
69529 71878 
6964971863 
6957071833 
69691 71813 
6961271792 



71772 
6966471752 



69675 



69717 
69737 
69768 
69779 



71732 
71711 
71691 
71671 
71650 
71630 



69904 
69925 
69946 



6980071610 
71590 
71569 
71549 
71629 
71608 
71488 
71468 
71447 
71427 
71407 
71386 
71366 
71346 
71326 
71305 
71284 
71264 
71243 
71223 
71203 
71182 
71162 
71141 
71121 
71100 
71080 
71059 
71039 
71019 
70998 
70978 
70967 
70937 
70916 
70896 
70876 
70865 
70834 
70813 
70793 
70772 
70752 
70731 
70711 



69987 
70008 
70029 
70049 
70070 
70091 
70112 
70132 
70153 
70174 
70195 
70215 
70236 
70267 
70277 
70298 
70319 
70339 
70360 
70381 
70401 
70422 
70443 
70463 
70484 
70606 
70525 
70546 
70567 
70687 
70606 
70628 
70649 
70670 
70690 
70711 



60 
59 
68 
67 
66 
66 
64 
63 
52 
61 
60 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 



37 

36 

36 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

16 

14 

13 

12 

11 

10 

9 

8 

7 

6 

6 

4 

3 

2 

1 





Sine. 



Cotang. 
46 DegreoB. 



Tang. 



N. COS. N.Bine. 
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LOGARITHMS 








TABLE III. 








LOGARITHMS OF NUMBERS. | 






From 1 to 200, 






UrOLUDINQ 


TWELVE DECIMAL 


PLACES. 


N. 


Log. 


N. 


Log. 


N. 


Log. 


1 
S 
8 

4 
6 


000000 000000 
301029 996664 
477121 264720 
602069 991328 
698970 004836 


41 
42 
43 
44 
46 


612783 856720 
623249 290398 
633468 466680 
643452 676486 
663212 613776 


81 

82 
83 
84 
86 


908486 018879 
913813 862384 
919078 092376 
924279 286062 
929418 926714 


6 
7 
8 
9 
10 


778161 260384 
846098 040014 
903089 986992 
964242 609439 
S«ne ai to 1. 


'46 

47 
48 
49 
60 


662757 831682 
672097 867926 
681241 237376 
690196 080028 
Same aa to 5. 


86 
.87 
88 
89 
90 


934498 451244 
939519 252619 
944482 672160 
949390 006646 
Same as to 9« 


11 
12 
13 
14 
16 


041392 686168 
079181 246048 
113943 362307 
146128 035678 
176091 ^69066 


51 
62 
53 
64 
66 


707670 176098 
716003 343636 
724275 869601 
732393 759823 
740362 689494 


91 
92 
83 
94 
96 


959041 392321 
963787 827346 
968482 948664 
973127 863600 
977723 605889 


16 
17 
18 
19 
20 


204119 982656 
230448 921378 
266272 605103 
278753 600963 
Same as to 2. 


66 
67 
58 
69 
60 


748188 027006 
756874 865672 
763427 993663 
770862 011642 
Same as to 6. 


96 
97 
98 
99 
100 


982271 233040 
986771 734266 
991226 075692 
996635 194698 
Same as to 10« 


21 
23 
23 
24 
26 


322219 2947 
342422 680822 
361727 836018 
380211 241712 
397940 008672 


61 
62 
63. 
64 
66 


785329 835011 
792391 699498 
799340 549463 
806179 973984 
812913 356643 


101 
102 
103 
104 
103 


004321 373783 
008600 171762 
012837 224706 
017033 339299 
021189 299070 


26 
27 
28 
29 
30 


414973 347971 
431363 764169 
447168 031342 
462397 997899 
Same a« to 3. 


66 
67 
68 
69 
70 


819543 935542 
826074 802701 
832508 912706 
838849 090737 
Same as to 7. 


106 
107 
108 
109 
110 


025305 865265 
029383 777686 
033423 755487 
037426 497941 
Same as to 11. 


31 
32 
33 
34 
36 


491361 693834 
506149 978320 
618613 939878 
631478 917042 
644068 044350 


71 
72 
73 
74 
76 


851258 348719 
857332 496431 
863322 860120 
869231 719731 
875061 263392 


111 
112 
113 
114 
116 


045322 978787 
049218 022670 
053078 443483 
056904 851336 
060697 840364 


36 
37 
38 

89 
40 


556303 500767 
568201 724067 
579783 596617 
591064 607026 
Same ai to 4. 


76 
77 
78 
79 
80 


880813 592281 
886490 725172 
892094 602690 
897627 091290 
game as to 8. 


116 
117 
118 
119 
120 


064457 989227 
068185 861746 
071882 007306 
075546 961393 
Same as to 12. 
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ir. 


Ix)g. 


N. 


Log. 


K. 


Log 


121 
123 
123 
124 
126 

136 
127 
128 
129 
130 

131 
132 
133 
134 

136 

186 
137 
138 
189 

140 

141 
142 
143 
144 
145 

146 
147 


063786 870316 
086369 830676 
069906 111439 
093421 686163 
096910 013006 

100370 646118 
103803 720956 
107209 969648 
110589 710299 
8«]n« at to 13* 

117271 296666 
120573 931206 
123861 640967 
127104 798365 
130333 768496 

133638 906370 
136720 667166 
139679 086401 
143014 800364 
146128 036678 

149219 112656 
152288 344383 
166336 037466 
168362 492095 
161368 002236 

164362 866784 
167317 334748 


148 
149 
150 
161 
163 

163 
164 
156 
166 
167 

168 
169 
160 
161 
163 

168 
164 
165 
166 
167 

168 
169 
170 
171 
173 

173 
174 


170261 716396 
173186 268412 
176091 269056 
178976 947293 
181843 687946 

184691 430818 
187620 720836 
190331 698170 
193124 688354 
196899 652409 

196667 066064 
301397 134320 
304119 962656 
206826 876032 
309615 014543 

312187 604404 
314843 848048 
317483 944214 
320106 668040 
333716 471148 

326309 281726 
227886 704614 
330446 921378 
232996 110392 
236628 446908 

238046 103129 
240549 348283 


176 
176 
177 
178 
179 

180 
181 
182 
183 
184 

186 
186 
187 
188 
189 

190 
191 
193 
193 
194 

196 
196 
197 
198 
199 


348088 048686 
346513 667814 
347973 266863 
260420 003800 
262868 030960 

266273 606108 . 
267678 674869 
260071 387986 
263461 069730 
364817 833010 

367171 738408 
369513 944218 
371841 606636 
374157 649364 
376461 804178 

378763 600968 
381033 867348 
383301 328704 
285557 809006 
287801 729930 

290034 611362 
292266 071356 
294466 226162 
296666 190263 
298853 076410 


LOGARITHMS OF THE PRIME NUMBERS 

From 200 to 1643, 

INCLUDING TWELVE DECIMAL PLACES. 


. K. 
201 
203 
207 
209 
211 

223 
227 
229 
233 
239 

241 
261 
257 
263 
269 

271 


Log. 
303196 057420 
307496 037913 
315970 345457 
320146 286111 
324282 455298 

348304 863048 
356025 857198 
359835 482340 
367365 921026 
378397 900948 

382017 042575 
399673 721481 
409933 123331 
419955 748490 
429752 280002 

432969 290874 


N. 


Log. 


N. 


Ix>g. 


277 
281 
283 
293 
307 

311 
313 
317 
331 
337 

347 
349 
363 
359 
367 

373 


442479 769064 
448706 319905 
451786 435524 
466867 620354 
487138 375477 

492760 389027 
495544 337546 
501059 262218 
619827 993776 
527629 900871 

540329 474791 
542826 426969 
547774 705888 
665094 448678 
664666 064252 

571708 831809 


379 
383 
389 
397 
401 

409 
419 
421 
431 
433 

439 
443 
449 
457 
461 

463 


578639 209968 
588198 773968 
589949 601326 
698790 606763 
603144 372620 

611723 308007 
622214 U22966 
624282 095836 
634477 270161 
636487 896363 

642424 620242 
646403 726228 
652246 341003 
669916 200070 
663700 926390 

666580 991018 
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LOGARITHMS 




N. 


Log. 


N. 


Lo(y. 


N. 
1171 


Log. 


467 


6t)y31b b8U6t>6 


831 


914343 167119 


xmbbQ 895079 


479 


680335 613414 


833 


916399 836313 


1181 


072249 807613 


487 


687038 961316 


827 


917606 609553 


1187 


074450 718966 


491 


691081 493133 


829 


918664 530650 


1193 


076640 443670 


499 


698100 646633 


839 


933761 960639 


1201 


0;9543 007386 


603 


701567 986056 


863 


930949 031168 


1213 


063860 800646 


609 


706717 782337 


867 


933980 821923 


1217 


086290 678210 


631 


716837 723300 


859 


933993 163831 


1223 


087426 468017 


6S3 


718501 688867 


863 


936010 795716 


1229 


089661 882866 


641 


733197 266107 


877 


943999 693366 


1331 


090268 063913 


647 


787987 336333 


881 


944976 906412 


1337 


092369 699609 


667 


745855 196174 


883 


946960 703578 


1349 


096563 438356 


663 


750608 394861 


887 


947933 619832 


1269 


100026 739204 


669 


765113 266395 


907 


957607 287060 


1277 


106190 896808 


671 


766636 108346 


911 


969518 376973 


1279 


106870 642460 


677 


761176 813156 


919 


963316 611386 


1288 


108226 656363 


687 


768638 101348 


939 


968015 713994 


ri89 


110253 917337 


693 


773064 693364 


937 


971739 690888 


1291 


110926 343617 


699 


777426 823389 


941 


973689 623427 


1297 


113939 986066 


601 


778874 472003 


947 


976349 979003 


1301 


114377 396540 


607 


783138 691076 


963 


979092 900638 


1303 


114944 415713 


613 


787460 474618 


967 


986426 474083 


1307 


116375 587564 


617 


790286 164033 


971 


987219 229908 


1319 


120344 795568 


619 


791690 649020 


977 


989894 563719 


1321 


120902 817604 


631 


800029 369344 


983 


992663 517832 


1327 


123870 933849 


641 


806858 039619 


991 


996073 664486 


1361 


133858 135188 


643 


806210 972924 


997 


998695 158312 


1367 


136768 514664 


647 


810904 280669 


1009 


003891 166237 


1373 


137670 637223 


663 


814913 181276 


1013 


005609 445360 


1381 


140193 678544 


659 


818886 414694 


1019 


008174 184006 


1399 


146817 714123 


661 


810301 469486 


1031 


009026 742087 


1409 


148910 994096 


678 


838016 064334 


1031 


013268 666284 


1423 


163304 896657 


677 


830688 668686 


1033 


014100 821520 


1427 


154424 012366 


683 


834430 703683 


1039 


016615 547567 


1429 


156032 228774 


691 


839478 047374 


1049 


030775 488194 


1433 


166246 402184 


701 


845718 017967 


1061 


031603 716(^8 


1439 


168060 793919 


709 


860646 335183 


1061 


026716 383901 


1447 


160468 631109 


719 


856738 890383 


1063 


026633 264523 


1451 


161667 412427 


727 


861534 410859 


1069 


028977 705209 


1453 


162266 614286 


733 


865103 974743 


1087 


036229 644086 


1459 


164056 291883 


789 


868G44 488396 


1091 


037824 750588 


1471 


167612 672639 


743 


870988 813761 


1093 


038620 161950 


1481 


170655 058613 


761 


866639 937004 


1097 


040206 627576 


1483 


171141 161014 


767 


879096 879600 


1103 


042695 612440 


1487 


173310 968489 


761 


881384 656771 


1109 


044931 646119 


1489 


173894 731333 


769 


885936 339801 


1117 


048063 173116 


1493 


174059 807708 


773 


888179 493918 


1133 


060379 766261 


1499 


176801 632866 


787 


896974 732359 


1139 


062693 941926 


1611 


179264 464339 


797 


901468 321396 


1161 


061076 323630 


1623 


182699 903324 


809 


907948 621613 


1153 


061829 307395 


1531 


184976 190807 


811 


909030 864311 


1163 


066679 714728 


1543 


188366 926063 



OF NUMBERS. 



AUXILIARY LOGARITHMS. 
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"S7 



1.009 
1.006 
1.007 
.1.006 
1.006 
1.004 
1.003 
1.003 
1.001 



Log. 


N. 


003891166237 ^ 




1.0009 


003460533110 




1.0006 


003029470654 




1.0007 


OOS598060686 




1.0006 


002166061756 


[a 


1.0005 


001733712775 




1.0004 


001300933020 




1.0003 


000867721529 




1.0002 


000434077479 J 




1.0001 



J^SJ_ 



0003906189248 
000347296684 



000260498547 
000217092970 
000173683057 
000130268804 
000066860211 
000043427277 



B 





K. 


Log. 


1 ^' 


f Log. 






1.00009 


000039063266 


,'1.000009 


000003906628 






1.00008 


000034740691 


,1.000006 


000003474338 






1.00007 


000030398072 


1.000007 


000008040047 






1.00006 


000026056410 


1.000006 


000002606756 






1.00005 


000021712704 


1.000005 


000002171464 






1.00004 


000017371430 


1.000004 


000001737173 






1.00003 


000013028638 


1.000003 


000001302680 






1.00002 


000008685802 


1.000002 


000000868587 






1,00001 


000004342923 1.000001 1 








N. 


Log. 






1.0000001 


000000043429 (a) 




1.00000001 


000000004343 (o) 




1.000000001 


000000000434 (p) 




l.OOOOOOOOOl) 


000000000043 (q) | 



m=0.4342944819 log. —1.637784296. 

By the preceding tables — and the auxiliaries A, B, and 
C, we can find the logarithm of any number, true to at least 
ten decimal places. 

But some may prefer to use the following direct formula, 
which may be found in any of the standard works on algebra: 

Log. (2+l)=log.«-|-0.8686889638/^_-L'\ 

The result will be true to twelve decimal places, if e be 
over 2000. 

The log. of composite numbers can be determined by the 
combination of logarithms, already in the table, and the prime 
numbers from the formula. 

Thus, the number 3083 is a prime number, find its loga- 
rithm. 

We first find the log. of the number 3082. By factoring, 
we discover that this is the product of 46 into 67. 
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NUMBERS, 



Log. 46, 
Log. 67, 

Log. 3082 
Log. 3083=3.4888326343-)- 



1.6627678316 
1.8260748027 

3.4888326343 

0.86858896.38 



6165 



NUMBERS AND THEIR LOGARITHMS, 

OFTEN USED IN COMPUTATIONS. 



Log, 
14169265 0.4971499 



Circumference of a circle to dia. 1 

Sur&ce of a sphere to diameter 1 

Area of a circle to radius I 

Area of a circle to diameter 1 = .7863982 — 1.8950899 

Capacity of a sphere to diameter 1 = .5236988 — 1.7189986 

Capacity of a sphere to radius 1 =4. 1887902 0.6220886 



■I- 



Arc of any circle equal to the radius =67^29578 1,7581226 
Arc equal to radius expressed in sec. =206264"8 6.3144251 
Length of a degree, (radius unity) =.01 746329 —2.2418773 

12 hours expressed in seconds, = 43200 4.6364837 

Complement of the same, =0.00002316 — 6.3646163 

360 degrees expressed in seconds, = 1 296000 6. 1 1 26060 

A gallon of distilled water, when the temperature is 62^ 
Fahrenheit, and Barometer 30 inches, is 277.fV6V cubic 
inches. 



7277.274=16.651542 nearly. 



4 
4- 



277.274 



.776398 



= 1 8.78926284 ^ 231 = 1 5. 1 98684. 



J 282 =16.792855. 



282. 



-=18.948708. 



.786398 

The French Metre=3.2808992, English feet linear mea- 
sure, =39.3707904 inches, the length of a pendulum vi- 
brating seconds. 



J 





TRAVERSE TABLE. 
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f 


>^I>eg. 


IDeg. 


IHD^. 


2Deg. 1 


Lat 


Dep. 


Lftt 


Dep. 


Lat 


Dep. 


UL 


Dep. 


1 


1.00 


0.01 


1. 00 


0. 02 


1. 00 


0. 03 


1. 00 


0. 03 


2 


2. 00 


0. 02 


2.00 


0. 03 


2. 00 


0.05 


2.00 


0.07 


3 


3. 00 


0.03 


3. 00 


0. 05 


3,00 


0.08 


3.00 


0. 10 


4 


4. 00 


0.03 


4. 00 


0. 07 


4. 00 


0. 10 


4. 00 


0. 14 


5 


5.00 


0. 04 


5.00 


0. 09 


5.00 


0. 13 


5.00 


0. 17 


6 


6.00 


0. 05 


6.90 


0. 10 


6. 00 


0. 16 


6. 00 


0. 21 


7 


7. 00 


0. 06 


7.00 


0. 12 


7. 00 


0. 18 


7.00 


0. 24 


8 


8.00 


0.07 


8. 00 


0. 14 


8.00 


0. 21 


7.99 


0.28 


9 


9.00 


0. 08 


9. 00 


0. 16 


9. 00 


0.24 


8.99 


0. 31 


10 


10. 00 


0. 09 


10.00 


0. 17 


10.00 


0.26 


9.99 


0. 35 


11 


11.00 


0. 10 


11.00 


0. 19 


11.00 


0. 28 


10.99 


0. 38 


12 


12. 00 


0. 10 


12.00 


0.21 


12.00 


0. 31 


11.99 


0. 42^ 


13 


13. 00 


0. 11 


13. 00 


0. 23 


13,00 


0. 34 


12.99 


0. 45 


14 


14.00 


0. 12 


14. 00 


0. 24 


14.00 


0.37 


13. 99 


0. 49 


15 


15. 00 


0. 13 


15.00 


0. 26 


14.99 


0. 39 


14.99 


0.52 


16 


16.00 


0. 14 


16. 00 


0. 28 


15.99 


0. 42 


15.99 


0.56 


17 


17.00 


0. 15 


17.00 


0. 30 


16.99 


0. 45 


16.99 


0.59 


18 


18. 00 


0. 16 


18. 00 


0. 31 


17.99 


0. 47 


17.99 


0. 63 


19 


19. 00 


0. 17 


19. 00 


0. 33 


18.99 


0.50 


18.99 


0. 66 


20 


20.00 


0. 17 


20. 00 


0. 35 


19.99 


0. 52 


19.99 


0. 70 


21 


21.00 


0. 18 


21. 00 


0. 37 


20. 99 


0.55 


20. 99 


0.73 


22 


22. 00 


0. 19 


22. 00 


0. 38 


21.99 


0.58 


21.99 


0. 77 


23 


23.00 


0.20 


23. 00 


0. 40 


22. 99 


0.60 


22.99 


0.80 


24 


24. 00 


0.21 


24. 00 


0. 42 


23.99 


0. 63 


23.99 


0. 84 


25 


25. 00 


0. 22 


25. 00 


0. 44 


24.99 


0. 65 


24. 98 


0. 87 


26 


26. 00 


0.23 


26. 00 


0. 45 


26.99 


0. 68 


25.98 


0. 91 


27 


27. 00 


0. 24 


27. 00 


0. 47 


26.99 


0, 71 


26. 98 


0. 94 


28 


28. 00 


0.24 


28.00 


0. 49 


27. 99 


0. 73 


27.98 


0. 98 


29 


29. 00 


0.25 


29. 00 


0. 51 


28. 99 


0. 76 


28.98 


1.01 


30 


30.00 


0.26 


30.00 


0.52 


29.99 


0. 79 


29.98 


1.05 


35 


35. 00 


0. 31 


34. 99 


0. 61 


34.99 


0. 92 


34.98 


1. 22 


40 


40.00 


0. 35 


39. 99 


0. 70 


39. 99 


1.05 


39. 98 


1. 40 


45 


45. 00 


0. 39 


44,90 


0.79 


44.99 


1. 18 


44.97 


1.57 


50 


50.00 


0. 44 


49.99 


0.87 


49. 98 


1. 31 


49.97 


1.74 


55 


55. 00 


0.48 


54. 99 


0.96 


54.98 


1. 44 


54. 97 


1. 92 


60 


60. 00 


0.52 


59.90 


0.05 


59. 98 


1.57 


59.96 


2. 09 


65 


65.00 


0.57 


64.99 


1. 13 


64. 98 


1. 70 


64.96 


2.27 


70 


70. 00 


0. 61 


69.99 


1.22 


69.98 


1.83 


69.96 


2. 44 


75 


75.00 


0.65 


74.99 


1. 31 


74. 97 


1.96 


74.95 


2.62 


80 


80. 00 


0.70 


79. 99 


1. 40 


79.97 


2. 09 


79.95 


2.79 


85 


85.00 


0. 74 


84.99 


1.48 


84. 97 


2. 23 


84. 95 


2. 97 


90 


90.00 


0.79 


89. 99 


1.57 


89.97 


2. 36 


89.95 


8. 14 


95 


90. 00 


0.83 


94.99 


1.66 


94.97 


2. 49 


94.94 


3. 32 


100 


100. 00 


0-87 


99.98 


1.75 


99.97 


2. 62 


99.94 


3. 49 


Pep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat 


MKDeg. 


SQDeg. 


88KDeg. 


88 D( 


9g- 


L „ j| 



7S TRAVERSE TABLE. i 


f 


^l>* 


.1... 1 


BKDeg. 


4Deg. I 


Lai. 


Dn». 


UL 


Dep. 


Lftt 


Dep. 


Lat. 


Dep. 


1 


1.00 


0.04 


1. 00 


0.05 


1. 00 


0.06 


1. 00 


0.07 


2 


2.00 


0.09 


2.00 


0. 10 


2.00 


0. 12 


2. 00 


0. 14 


3 


3. 00 


0. 13 


3.00 


0. 16 


2.99 


0. 18 


2. 99 


0. 21 


4 


4.00 


0. 17 


3.99 


0. 21 


3.99 


0. 24 


3. 99 


0. 28 


6 


5.00 


0.22 


4.99 


0.26 


4.99 


0. 31 


4.99 


0.35 


6 


5.99 


0.26 


5.99 


0. 31 


5.99 


0. 37 


5. 99 


0. 42 


7 


6.99 


0. 31 


6.99 


0. 37 


6.99 


0. 43 


6.98 


0. 49 


8 


7.99 


0. 35 


7.99 


0.42 


7.99 


0.49 


7. 98 


0. 56 


9 


8. 99 


0. 39 


8.99 


0. 47 


8.98 


0.55 


8. 98 


0. 63 


10 


9.99 


0.44 


9.99 


0.52 


9.98 


0.61 


9.98 


0.70 


11 


10.99 


0.48 


10.98 


0.58 


10. 98 


0. 67 


10.97 


0. 77. 


12 


11.99 


0.52 


11.98 


0. 63 


11.98 


0. 73 


11.97 


0. 84 


13 


12.99 


0.57 


12.98 


0.68 


12.99 


0.79 


12. 97 


0.91 


14 


13.99 


0.61 


13.98 


0.73 


13. 97 


0. 85 


13.97 


0.98 


15 


14.99 


0.65 


14.98 


0.79 


14.97 


0.92 


14.96 


1.05 


16 


15.99 


0.70 


15.98 


0.84 


15.97 


0.98 


15.96 


1. 12 


17 


16.98 


0.74 


16.98 


0.89 


16. 97 


1.04 


16.96 


1. 19 


18 


17.98 


0.79 


17.98 


0.94 


17.97 


1. 10 


17.96 


1.26 


19 


18. 98 


0.83 


18.98 


0.99 


18. 96 


1. 16 


18.95 


1. 33 


20 


19.98 


0.87 


19.97 


1. 05 


19.96 


1. 22 


19.95 


1.40 


21 


20. 98 


0.92 


20.97 


1. 10 


20. 96 


1.28 


20.95 


1. 46 


22 


21.98 


0.96 


21.97 


1. 15 


21. 96 


1.34 


21.95 


1.63 


23 


22.98 


1.00 


22.97 


1.20 


22. 96 


1. 40 


22. 94 


1. 60 


24 


23.98 


1. 05 


23.97 


1.26 


23. 96 


1.47 


23.94 


1. 67 


25 


24.98 


1. 09 


24.97 


1.31 


24.95 


1. 53 


24.94 


1.74 


26 


25.98 


1. 13 


25. 96 


1. 36 


25.95 


1.59 


25. 94 


1.81 


27 


26.97 


1. 18 


26.96 


1.41 


26. 95 


1.65 


26.93 


1.88 


28 


27. 97 


1. 22 


27. 96 


1.47 


27.95 


1.71 


27. 93 


1.95 


29 


28.97 


1.26 


28.96 


1.52 


28.95 


1.77 


28.93 


2. 02 


30 


29.97 


1. 31 


29.96 


1.57 


29.94 


1.83 


29.93 


2.09 


35 


34.97 


1. 53 


34.95 


1.83 


34. 93 


2. 14 


34.91 


2. 44 


40 


39.96 


1.75 


39.95 


2.09 


39. 93 


2. 44 


39. 90 


2. 79 


45 


44.96 


1.96 


44. 94 


2. 36 


44. 92 


2.75 


44.89 


3. 14 


50 


49.95 


2. 18 


49.93 


2.62 


49.91 


3.05 


49. 88 


3. 49 


55 


54.95 


2.40 


54. 92 


2.88 


54.90 


3. 36 


54.87 


3. 84 


60 


59. 94 


2. 62 


59.92 


3. 14 


59.89 


3. 66 


59. 83 


4. 19 


65 


64.94 


2. 84 


64. 91 


3. 40 


64. 88 


3.97 


64. 84 


4. 63 


70 


69. 93 


3.05 


69. 90 


3.66 


69.87 


4.27 


69.83 


4.88 


75 


74.93 


3.27 


74.90 


3. 93 


74.86 


4.58 


74.82 


5.23 


80 


79.92 


3.49 


79.89 


4. 19 


79. 86 


4.88 


79.81 


5.58 


85 


84. 92 


3.71 


84.88 


4.45 


84.84 


5. 19 


84.79 


5. 93 


90 


89.91 


3.93 


89.98 


4. 71 


89.83 


5.49 


89. 78 


6.28 


95 


94. 91 


4. 14 


94.87 


4.97 


94. 82 


5. 80 


94.77 


6. 63 


100 


99.91 


4. 36 


99.86 


5.23 


99.81 


6. 10 


99. 76 


6.98 


I>ep. 


Lat. 


Dep. 


Lst. 


Dep. 


lAt. 


Dep. 


Lat 


WKDeg. 


1 STDe^ 1 


86HDeg. 


86 Deg. 1 
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f 


lyin^ 


ftD«f. 


'«^ fl •!>* 1 


Lftt 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


1 


1.00 


0.08 


1.00 


0.09 


1. 00 


0. 10 


0.99 


0. 10 


2 


1.99 


0. 16 


1.99 


0. 17 


1.99 


0. 19 


1.99 


0.21 


3 


2.99 


0.24 


2.99 


0.26 


2.99 


0. 29 


2.98 


0. 31 


4 


3.99 


0. 31 


3.98 


0. 36 


3.98 


0. 38 


8.98 


0.41 


6 


4.98 


0. 39 


4.98 


0.44 


4. 98 


0.48 


4.97 


0.62 


6 


6.98 


0. 47 


6.98 


0.62 


6.97 


0. 68 


6.97 


0. 63 


7 


6.98 


0. 66 


6.97 


0.61 


6.97 


0.67 


6. 96 1 0. 73 II 


8 


7.98 


0.63 


7.97 


0. 70 


7.96 


0.76 


7.96 


0. 84 


9 


8.97 


0.71 


8.97 


0.78 


8.96 


0.86 


8.96 


0. 94 


10 


9.97 


0.78 


9.96 


0. 87 


9. 96 


0.96 


9.96 


1. 06 


11 


10.97 


0.86 


10.96 


0. 96 


10. 96 


1.06 


10. 94 


1. 16 


12 


11.96 


0.94 


11.96 


1. 06 


11.94 


1. 16 


11. 93 


1. 26 


13 


12.96 


1. 02 


12. 96 


1. 13 


12. 94 


1.26 


12. 93 


1.36 


14 


13. 96 


1. 10 


13.96 


1. 22 


13.94 


1. 34 


13.92 


1.46 


16 


14.96 


1. 18 


14. 94 


1. 31 


14.93 


1. 44 


14.92 


1.57 


16 


16.95 


1.26 


16.94 


1. 39 


16.93 


1.63 


16.91 


1.67 


17 


16.96 


1. 33 


16.94 


1. 48 


16.92 


1. 63 


16.91 


1.78 


18 


17. 94 


1.41 


17. 93 


1.67 


17.92 


1. 73 


17.90 


1.88 


19 


18. 94 


1.49 


18.93 


1. 66 


18.91 


1* 82 


18. 90 


1. 99 


20 


19. 94 


1.67 


19.92 


1.74 


19. 91 


1.92 


19.89 


2. 09 


21 


20.94 


1. 66 


20. 92 


1. 83 


20. 90 


2. 01 


20. 88 


2.20 


22 


21. 93 


1. 73 


21. 92 


1.92 


21.90 


2. 11 


21. 88 


2. 30 


23 


22.93 


1.80 


22.91 


2. 00 


22. 89 


2. 20 


22. 87 


2. 40 


24 


23. 93 


1.88 


23.91 


2. 09 


23. 89 


2. 30 


23.87 


2.61 


25 


24. 92 


1.96 


24. 90 


2. 18 


24. 88 


2. 40 


24. 86 


2.61 


26 


26. 92 


2. 04 


25.90 


2.27 


26.88 


2. 49 


26. 86 


2. 72 


27 


26.92 


2. 12 


26. 90 


2. 36 


26. 88 


2.69 


26. 85 


2. 82 


28 


27. 91 


2.20 


27. 89 


2. 44 


27.87 


2. 68 


27.86 


2.93 


29 


28.91 


2.28 


28.89 


2.63 


28.87 


2. 78 


28. 84 


3. 03 


30 


29. 21 


2.36 


29.89 


2.61 


29. 86 


2.88 


29.84 


3. 14 


35 


34. 89 


2. 75 


34.87 


3.06 


34.84 


3. 36 


34.81 


3. 66 


40 


39. 88 


3. 14 


39. 86 


3.49 


39.82 


3.83 


39.78 


4. 18 


45 


44.86 


3.63 


44. 83 


3.92 


44. 79 


4. 31 


44.76 


4. 70 


60 


49.85 


3. 92 


49.81 


4. 36 


49.77 


4.79 


49.73 


6. 23 


65 


64.86 


4.08 


64.79 


4. 79 


64. 76 


6.27 


64. 70 


6.76 


60 


69.84 


4. 46 


69.77 


6.23 


69. 72 


6. 76 


69.67 


6. 27 


65 


64.82 


4. 82 


64. 76 


6. 67 


64.70 


6,23 


64. 64 


6. 79 


70 


69.81 


6. 19 


69.73 


6. 10 


69. 68 


6.71 


69. 62 


7. 32 


76 


74.79 


5.66 


74.71 


6.64 


74. 66 


7. 19 


74.69 


7.84 


80 


79.78 


6. 93 


79.70 


6. 97 


79. 63 


7.67 


76.66 


8. 36 


86 


84.77 


6. 30 


84.68 


7.41 


84. 61 


8. 16 


84. 63 


8.88 


90 


89.76 


6.67 


89. 66 


7.84 


89.69 


8. 63 


89.61 


9. 41 


96 


94.74 


7. 04 


94. 64 


8. 28 


94. 66 


9. 11 


94. 48 


9. 93 


100 


99.73 


7.41 


99.62 


8.72 


99.64 


9. 68 

Lat 1 


99. 46 


10.43 
Lat 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Dep. 


863^ Deg. 


86Deg. 


84KDeg. 1 


84 Deg. 1 
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f 


•^^ix*. 1 


TDaj. 


tHT)^' 


8Deg. 1 


Lat 


IHrp. 


UL 


l).^ 


Lftt 


Dep. 


Lat 


Dep. 


1 


0.99 


0. 11 


0.99 


0. 12 


0.99 


0.13 


0.99 


0. 14 


2 


1.99 


0.23 


1.99 


0.24 


1.98 


0.26 


1.98 


0. 28 


3 


2.98 


0. 34 


2.98 


0. 37 


2 97 


0.39 


2.97 


0. 42 


4 


3.97 


0.45 


3.97 


0. 49 1 3. 97 


0.52 


3.96 


0. 56 


6 


4.97 


0.57 


4.96 


0. 61 1 4. 96 


0.66 


4. 95 


0. 70 


6 


6.96 


0.68 


6.96 


0.73 


6.95 


0.78 


6.94 


0. 84 


7 


6.96 


0.79 


6.95 


0.86 


6.94 


0.91 


6.93 


0.97 


8 


7.96 


0. 91 


7.94 


0. 97 


7.93 


1.04 


7.92 


1. 11 


9 


8.94 


1.02 


8.93 


1. 10 


8.92 


1.17 


8.91 


1.25 


10 


9.94 


1. 13 


9.93 


1.22 


9.91 


1.31 


9.90 


1. 39 


11 


10.93 


1.25 


10.92 


1. 34 


10.91 


1.44 


10.89 


1. 53 


12 


11.92 


1.36 


11.91 


1. 46 


11. 90 


1.57 


11.88 


1.67 


13 


12.92 


1.47 


12.90 


1.68 


12.89 


1.70 


12.87 


1.81 


14 


13. 91 


1.59 


13.90 


1.71 


13.88 


1.83 


13.86 


1.96 


16 


14.90 


1.70 


14.89 


1. 83 


14.87 


1.96 


14.85 


2.09 


16 


15.90 


1.81 


16.88 


1.96 


15. 86 


2.09 


16.84 


2. 23 


17 


16.89 


1.92 


16.87 


2. 07 


16. 85 


2.22 


16.83 


2.37 


18 


17.88 


2. 04 


17.87 


2. 19 


17.85 


2.35 


17.82 


2.51 


19 


18.88 


2. 15 


18.86 


2. 32 


18.84 


2.48 


18.82 


2.64 


20 


19.87 


2.26 


19.86 


2. 44 


19. 83 


2.61 


19.81 


2. 78 


21 


20.87 


2. 38 


20. 84 


2.56 


20.82 


2.74 


20. 80 


2. 92 


22 


21.86 


2. 49 


21.84 


2. 68 


21. 81 


2.87 


21.79 


3.06 


23 


22. 85 


2. 60 


22.83 


2.80 


22.80 


3.00 


22. 78 


3. 20 


24 


23.85 


2.72 


23.82 


2.92 


23. 79 


3.13 


23.77 


3. 34 


25 


24.84 


2. 83 


24. 81 


3. 05 


24. 79 


3.26 


24. 76 


3.48 


26 


25. 83 


2. 94 


26.81 


3. 17 


25. 78 


3.39 


25.75 


3. 62 


27 


26.83 


3.06 


26. 80 


3. 29 


26.77 


3.52 


26.74 


3.76 


28 


27. 82 


3. 17 


27.79 


3.41 


27.76 


3.66 


27. 73 


3.90 


29 


28.81 


3.28 


28.78 


3.63 


28.75 


3.79 


28.72 


4.04 


30 


29.81 


3.40 


29.78 


3.69 


29.74 


3.92 


29.71 


4. 18 


35 


34.78 


3. 96 


34.74 


4.27 


34. 70 


4.57 


34. 66 


4.87 


40 


39.74 


4.53 


39.70 


4.87 


39. 66 


5.22 


39.61 


5.57 


45 


44.71 


5.09 


44.67 


6.48 


44. 62 


6.87 


44.56 


6. 26 


50 


49.68 


6.66 


49.63 


6. 09 


49.57 


6.63 


49.51 


6»96 


55 


54. 65 


6. 23 


64.59 


6.70 


55.58 


6.70 


54.46 


7. 65 


60 


59.61 


6.79 


59.55 


7.31 


59.55 


7.31 


69.42 


8. 35 


65 


64.58 


7.36 


64.52 


7.92 


64.52 


7.92 


64. 37 


9 05 


70 


69.55 


7.92 


69.48 


8.63 


69.48 


8.53 


69. 32 


9. 74 


76 


74.52 


8.49 


74.44 


9. 14 


74.44 


9.14 


74. 27 


10. 44 


80 


79.49 


9. 06 


79.40 


9.75 


79. 40 


9.76 


79. 22 


11. 13 


85 


84.45 


9.62 


84. 37 


10.36 


84. 37 


10.36 


84. 17 


11.83 


90 


89.42 


10. 19 


89. 33 


10.97 


89. 33 


10.97 


89. 12 


12.53 


96 


94. 39 


10.76 


94. 29 


11.68 


94.29 


11.58 


94. 08 


13.22 


100 


99.36 


11.32 


99.25 


12. 19 


99.26 


12.19 


99. 03 


13.92 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


83KDeg. 


83] 


Deg. 


82HDaj. 


82Deg. 1 
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1 


S^^Deg. 


9 Deg. 


•HDeg. 


lODeg. 1 


Lftt 


Dqp. 


Lat 


Dep. 


Lftt 


Dep. 


UL 


Dqk 


1 


0.99 


0. 15 


0.99 


0. 16 


0.99 


0. 17 


0.98 


0. 17 


a 


1.98 


0. 30 


1.98 


0.31 


1.97 


0. 33 


1.97 


0.35 


3 


2.97 


0. 44 


2.96 


0. 47 


2.96 


0. 50 


2. 95 


0.52 


4 


3.96 


0. 59 


3.95 


0. 63 


3.95 


0.66 


3. 94 


0. 69 


6 


4.95 


0.74 


4.94 


0.78 


4.93 


0. 83 


4. 92 


0.87 


6 


5.93 


0. 89 


5.93 


0. 94 


5.92 


0.99 


5. 91 


1.04 


7 


6.92 


1. 03 


6.91 


1. 10 


6.90 


1. 16 


6. 89 


1.22 


8 


7.91 


1. 18 


7.90 


1.25 


7.89 


1.32 


7.88 


1.39 


9 


8.90 


1. 33 


8. 89 


1.41 


8.88 


1.49 


8. 86 


1.56 


10 


9.89 


1.48 


9.88 


1.56 


9.86 


1.65 


9.85 


1.74 


11 


10.88 


1. 63 


10.86 


1.72 


10. 85 


1.82 


10. 83 


1.91 


12 


11.87 


1.77 


11. 85 


1.88 


11.84 


1.98 


11. 82 


2.08 


13 


12.86 


1.92 


12. 84 


2. 03 


12.82 


2. 15 


12. 80 


2.26 


14 


13.85 


2. 07 


13.83 


2. 19 


13.81 


2. 31 


13.79 


2. 43 


15 


14.84 


2.22 


14. 82 


2. 35 


14.79 


2.48 


14. 77 


2.60 


16 


15.82 


2. 36 


15.80 


2. 50 


15.78 


2. 64 


15.76 


2.78 


17 


16.81 


2.51 


16.79 


2.66 


16.77 


2.81 


16.74 


2.95 


18 


17.80 


2. 66 


17.78 


2.^2 


17.75 


2.97 


17.73 


3. 18 


19 


18.79 


2. 81 


18.77 


2.97 


18.74 


3. 14 


18.71 


3.30 


20 


19.78 


2. 96 


19.75 


3. 13 


19.73 


3. 30 


19.70 


3.47 


21 


20. 77 


3. 10 


20.74 


3. 29 


20.71 


3.47 


20.68 


3.65 


22 


21.76 


3.25 


21.73 


3. 44 


21.70 


3. 63 


21. 67 


3.82 


23 


22.75 


3. 40 


22.72 


3. 60 


22.68 


3.80 


22.65 


3.99 


24 


23.74 


3.55 


23.70 


3.75 


23.67 


3.96 


23. 64 


4. 17 


25 


24.73 


3.70 


24.69 


3.91 


24.66 


4.13 


24. 62 


4. 34 


26 


25.71 


3.84 


25.68 


4. 07 


25.64 


4.29 


25. 61 


4.51 


27 


26.70 


3.99 


26.67 


4.22 


26.63 


4.46 


26.59 


4. 69 


28 


27. 69 


4. 14 


27.66 


4.38 


27.62 


4.62 


27.57 


4.86 


29 


28.68 


4.29 


28.64 


4.54 


28.60 


4.79 


28.56 


5.04 


30 


29.67 


4.43 


29.63 


4. 69 


29.59 


4.95 


29.54 


5. 21 


36 


34.62 


5. 17 


34.57 


5.48 


34.52 


5. 78 


34. 47 


6.08 


40 


39.56 


5.91 


39.51 


6.26 


39.45 


6. 60 


39.39 


6.95 


'45 


44.51 


6.65 


44.45 


7. 04 


44. 38 


7.43 


44. 32 


7.81 


50 


49.45 


7. 39 


49.38 


7.82 


49. 32 


8.25 


49.24 


8. 68 


55 


54.40 


8. 13 


54. 32 


8.60 


54.25 


9.08 


54. 16 


9.95 


60 


59. 34 


8.87 


59.26 


9. 39 


59. 18 


9. 90 


59. 09 


10.42 


65 


64.29 


9.61 


64.20 


10. 17 


64. 11 


10,73 


64. 01 


11.29 


70 


69.23 


10.35 


69. 14 


10.95 


69.04 


11.55 


68. 94 


12. 16 


75 


74. 18 


11.09 


74. 08 


11.73 


73.97 


12.38 


73.86 


13.02 


80 


79. 12 


11.82 


79.02 


12.51 


78.90 


13.20 


78.78 


13.89 


85 


84.07 


12.56 


83. 95 


13. 30 


83. 83 


14.03 


83.71 


14.76 


90 


89.01 


13.30 


88.89 


14. 08 


88.77 


14.85 


88. 63 


15.63 


95 


98.96 


14 04 


93.83 


14.86 


93. 70 


15.68 


93.56 


16.50 


100 


98.90 


14.78 


98.77 


15.64 


98.63 


16.50 


98.48 


17.36 


Dep. 


L«k. Dep. 


Lttt. 


Dep. 


Lst. 


Dep. 


Lat 


81K 


Deg. i 811 


)eg. 


80Hl>eg. 


80 Deg. 1 
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1 


lOK IX*. 1 


UD^. ] 


iiH ^* 1 


12Deg. 1 


Lai. 


Dqi. 


UL 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


0.98 


0. 18 


0.98 


0. 19 


0.98 


0.20 


0. 98 


0.21 


a 


1.97 


0.36 


1.96 


0. 88 


1.96 


0.40 


1.96 


0. 42 


3 


2.96 


0.66 


2.94 


0.67 


2.94 


0.60 


2. 93 


0. 62 


4 


3.93 


0.73 


3.93 


0.76 


3.92 


0.80 


3.91 


0. 83 


6 


4.92 


0.91 


4.91 


0.96 


4.90 


1.00 


4.89 


1. 04 


6 


6.90 


1.09 


6.89 


1. 14 


6. 88 


1.20 


6.87 


1. 26 


7 


6.88 


1.28 


6.87 


1. 34 


6.86 


1.40 


6.86 


1.46 


8 


7.87 


1.46 


7.86 


1.63 


7.84 


1.69 


7.83 


1. 66 


9 


8.86 


1.64 


8.83 


1. 72 


8. 82 


1.79 


8.80 


1.87 


10 


9.83 


1.82 


9.82 


1.91 


9.80 


1.99 


9.78 


2.08 


11 


10. 82 


2.00 


10.80 


2. 10 


10.78 


2.19 


10.76 


2.29 


12 


11.80 


2. 19 


11.78 


2.29 


11. 76 


2.39 


11.74 


2. 49 


13 


12.78 


2. 37 


12.76 


2.48 


12.74 


2.69 


12.72 


2.70 


14 


13.77 


2.66 


13.74 


2.67 


13.72 


2.79 


13.69 


2.91 


16 


14.76 


2.73 


14. 72 


2.87 


14.70 


2.99 


14.67 


3. 12 


16 


16.73 


2. 92 


16.71 


2.86 


.16. 68 


3.19 


16.66 


3. 33 


17 


16.72 


3. 10 


16.69 


3.06 


16.66 


3.39 


16.63 


3.63 


18 


17.70 


3.28 


17.67 


3.24 


17. 64 


3.69 


17.61 


3. 74 


19 


18.68 


3.46 


18. 66 


3.43 


18.62 


3.79 


18.68 


3.96 


20 


19.67 


3.64 


19.63 


3. 63 


19.60 


3.99 


19.66 


4. 16 


21 


20.66 


3.83 


20. 61 


3.82 


20.68 


4.13 


20.64 


4. 37 


22 


21.63 


4.01 


21.60 


4. 01 


21.66 


4.39 


21.62 


4.67 


23 


22.61 


4.19 


22.68 


4. 20 


22.64 


4.69 


22.60 


4.78 


24 


23.60 


4.37 


23.66 


4. 39 


23.62 


4.78 


23.48 


4.99 


26 


24.68 


4.66 


24.64 


4.68 


24.60 


4.98 


24.46 


6.20 


26 


26.66 


4.74 


26.62 


4.77 


26.48 


6.18 


26.43 


6.41 


27 


26.66 


4.92 


26.60 


4. 96 


26.46 


6.38 


26.41 


6.61 


28 


27.63 


6. 10 


27.49 


6. 16 


27.44 


6.68 


27.39 


6.82 


29 


28.61 


6.28 


28.47 


6.34 


28.42 


6.78 


28.37 


6. 03 


30 


29.60 


6.47 


29.46 


6.72 


29.40 


6.98 


29.34 


6.24 


36 


34.41 


6.38 


34.36 


6.68 


34.30 


6.98 


34.24 


7.28 


40 


39. 83 


7.29 


39.27 


7.63 


39. 20 


7.97 


39. 13 


8. 32 


46 


44.26 


8.20 


44. 17 


8.69 


44. 10 


8.97 


44.02 


9. 36 


60 


49. 16 
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49. 08 


9.64 


49.00 
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48.91 


10.40 


66 
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10.02 


63.99 


10.49 
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63.80 


11. 44 


60 


69.00 


10.93 


68.90 


11.46 


68.80 


11.96 


68.69 


12.47 


66 
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63. 81 


12.40 


63.70 


12.96 


63.68 


13.61 


70 


68. 83 


12.76 


68.71 


13.36 


68.69 


13.96 


68.47 


14.66 


76 


73. 74 


13.67 


73.62 


14. 31 


73. 49 


14.96 


73. 36 


16.69 


80 


78.66 


14.68 


78.63 


16.26 


78.39 


16.96 


78.26 
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86 
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16. 49 


83.44 


16.22 
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83. 14 


17.67 


90 


88.49 
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17. 17 
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96 
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18.94 


92. 92 
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Dep. 


Lat 


D<rp. 


1 
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0.65 
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0.67 


2.92 
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3.88 
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6 
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5.82 
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7 


6.83 
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1.63 
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1.69 


8 


7.81 
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1.94 


9 
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1.95 
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8.75 


2. 10 
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10 
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11 
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2.47 
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2. 57 


10.67 


2.66 


12 
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13 
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14 
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15 
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17 
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16.53 
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18 
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19 
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20 
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19.41 
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21 
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20.42 
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22 
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4.76 


21. 44 


4.95 


21.39 
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23 
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5.56 
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6.81 
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26 
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25. 33 
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27 
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6. 54 
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6. 77 


29 
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6. 52 
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7. 02 
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45 
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10.51 
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10. 89 


50 
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55 
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11.90 


53.59 
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60 
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65 
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70 


68. 34 
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15.75 


68.07 


16. 34 
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16. 93 


75 
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80 
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18. 00 


77. 79 


18. 68 
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85 
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82.82 


19. 12 


82.65 
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90 
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95 
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21. 87 
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0.97 


0.25 


0.97 
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0.27 


0.96 


2 
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0.60 


1.93 


0.62 
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0.76 


2.90 


0.78 
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4 


3.87 
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3.86 
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6 
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4.83 
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6 


6.81 
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7 
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8 
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2.00 
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9 


8.71 
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11 
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3.03 


12 
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3. 11 
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13 
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12.53 
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14 
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16 
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16 


16. 49 
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17 
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21 
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5.61 
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22 
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23. 13 


6.41 


23. 07 
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6.73 
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30 


29. 04 
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38.45 


11.03 
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55 
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60 
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65 
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16.82 
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17.37 
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70 
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19.29 


75 
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80 
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85 
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81.91 
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95 
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15 


14. 38 


4.26 


14. 34 


4.39 


14.31 
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5.25 
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5.41 
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27.58 


8.96 
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38. 15 


12. 03 
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45 
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55 
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57. 38 


17.54 


57.22 


18.04 
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70 
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75 
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71.72 
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80 
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76. 08 
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85 
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90 
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11. 31 
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14 
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4.67 
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16 
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4.88 
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16 
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16.08 
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17 


16. 12 
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5.63 
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6.67 
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18 
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6.86 
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19 
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17.86 


6.60 


20 
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6. 36 
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6.61 
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6.68 


18. 79 


6. 84 


21 
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6.84 
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7.01 


19.73 
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22 
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20.80 


7. 16 


20.74 


7.34 


20.67 


7.62 


23 
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7. 30 


21.76 


7.49 


21. 68 


7.68 


21. 61 


7.87 


24 


22. 76 


7.62 


22.69 


7.81 


22. 62 


8.01 


22.65 


8.21 


25 


23.71 


7. 93 
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8. 14 


23.67 


8.34 


23. 49 


8.66 


26 


24.66 


8.25 


24. 68 


8. 46 


24.61 


8.68 


24. 43 


8. 89 


27 
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8. 67 
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8.79 
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9.01 


26. 37 
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28 
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8.88 


26.47 


9. 12 
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9.34 
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29 
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27.42 


9.44 
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9.68 


27.26 


9. 92 


30 


28.46 


9.62 


28. 37 


9.77 


28.28 


10.01 


28. 19 


10. 26 


36 


33. 19 


11. 11 


33. 09 


11. 39 


32. 99 


11.68 


32. 89 


11.97 


40 


37.93 


12.69 


37.82 


13. 02 


37.71 


13.35 


37.69 


13.68 


46 


42.67 


14.28 


42.65 


14. 66 


42.42 


15.02 


42.29 


16. 39 


60 


47.42 


16.87 


47.28 


16.28 


47. 13 


16. 69 


46. 98 


17. 10 


66 


62. 16 


17.45 


62. 00 


17.91 


61. 85 


18.36 


61. 68 


18. 81 


60 


66. 90 


19. 04 


66. 73 


19. 63 


66.66 


20.03 


66. 38 


20. 62 


66 


61.64 


20.62 


61.46 


21. 16 


61.27 


21.70 


61. 08 


22.23 


70 


66. 38 


22.21 


66. 19 


22.79 


67.98 


23.37 


65.78 


23. 94 


76 


71. 12 


23.80 


70. 91 


24. 42 


70.70 


25.04 


70.48 


25.66 


80 


76.87 


26. 38 


76.64 


26.06 


76.41 


26.70 


75. 18 


27. 36 


86 


80.61 


26.97 


80. 37 


27.67 


80. 12 


28.37 


79. 87 


29. 07 


90 


86,36 


28.66 


85. 10 


29.30 


84.84 


30.04 


84.57 


30.78 


96 


90. 09 


30. ]4 


89.82 


30.93 


89. 66 


31.71 


89.27 


32. 49 


100 


94. 83 


31.73 


94.66 


32.66 


94. 26 


33.38 


93.97 


34.20 


Dep. 
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Dep. 


Lat 


Dep. Lat 


Dep. 
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n^ Deg. 
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^. 
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'' ^' 





TRAVERSE TABLE. 


"1 


( 


»HI)««. 


SlDflg. 
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Lat 
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lAl 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


1 


0.94 


0. 36 


0.93 


0.36 


0. 93 


0.37 


0.93 


0.37 


2 


1.87 


0. 70 


1.87 


0.72 


1. 86 


0.73 


1. 86 


0.76 


3 


2.81 


1. 06 


2.80 


1.08 


2.79 


1. 10 


2.78 


1. 12 


4 


3.76 


1.40 


3.73 


1.43 


3. 72 


1.47 


3. 71 


1.60 


6 


4.68 


1.76 


4.67 


1.79 


4. 66 


1. 83 


4. 64 


1.87 


6 


6.62 


2. 10 


6.60 


2. 16 


6. 68 


2. 20 


5.56 


2.25 


7 


6.66 


2.46 


6.64 


2.61 


6.61 


2.67 


6.49 


2.62 


8 


7.49 


2.80 


7.47 


2.87 


7.44 


2.93 


7.42 


3.00 


9 


8.43 


3. 16 


8.40 


3.23 


8. 37 


3.30 


8. 34 


3.37 


10 


9.37 


3.60 


9.34 


3.68 


9. 30 


3. 67 


9 27 


3.76 


11 


10.30 


3.86 


10.27 


3.94 


10.23 


4.03 


10. 20 


4.12 


12 


11.24 


4.20 


11. 20 


4. 30 


11. 17 


4.40 


11. 13 


4.60 


13 


12. 18 


4.66 


12. 14 


4.66 


12. 10 


4.76 


12. 06 


4.87 


14 


13. 11 


4.90 


13.07 


6.02 


13. 03 


6.13 


12. 98 


6.24 


16 


14.06 


6.26 


14. 00 


6.38 


13.96 


6.60 


13. 91 


6.62 


16 


14.99 


6.60 


14.94 


6.73 


14.89 


6.86 


14.83 


6.99 


17 


16.92 


6. 96 


16.87 


6.09 


16. 82 


6.23 


16. 76 


6.37 


18 


16.86 


6.30 


16.80 


6.46 


16.76 


6. 60 


16.69 


6.74 


19 


17.80 


6.66 


17.74 


6. 81 


17.68 


6.96 


17.62 


7. 12 


30 


18.73 


7.00 


18.67 


7. 17 


18.61 


7.33 


18. 54 


7.49 


21 


19.67 


7.36 


19. 61 


7.63 


19.64 


7.70 


19.47 


7.87 


22 


20.61 


7.70 


20.64 


7.88 


20. 47 


8. 06 


20.40 


8.24 


23 


21.64 


8.05 


21.47 


8.24 


21.40 


8.43 


21. 33 


8. 62 


24 


22.48 


8.40 


22.41 


8. 60 


22. 33 


8.80 


22. 26 


8.99 


25 


23. 42 


8. 76 


23. 34 


8.96 


23. 26 


9. 16 


23. 18 


9. 37 


26 


24.36 


9. 11 


24. 27 


9.32 


24* 19 


9.63 


24. 11 


9.74 


27 


26.29 


9.46 


26.21 


9.68 


26. 12 


9.90 


26.03 


10. 11 


28 


26.23 


9.81 


26. 14 


10.08 


26. 06 


10.26 


25.96 


10. 49 


29 


27. 16 


10. 16 


27.07 


10.39 


26.98 


10.63 


26.89 


10.86 


30 


28. 10 


10.61 


28.01 


10.76 


27.91 


11* 00 


27.82 


11.24 


36 


32.78 


12.26 


32.68 


12.64 


32.66 


12.83 


32.46 


13. 11 


40 


37.47 


14. 01 


37.34 


14.33 


37.22 


14-66 


37.09 


14.98 


46 


42. 16 


16.76 


42.01 


16. 13 


41.87 


16.49 


41. 72 


16.86 


60 


46.83 


17.61 


46.68 


17.92 


46.62 


18. 33 


46. 36 


18. 73 


66 


61.62 


19. 26 


61.36 


19.71 


61. 17 


20. 16 


51. 00 


20. 60 


60 


66.20 


21.01 


66. 01 


21.60 


i 66. 83 


21.99 


55.63 


22. 48 


66 


60.88 


22.76 


60.68 


23. 29 


60.48 


23. 82 


60. 27 


24. 35 


70 


66.67 


24.61 


66.36 


25.09 


66. 13 


25.66 


64. 90 


26.22 


76 


70. 26 


26.27 


70. 02 


26. 88 


69.78 


27.49 


i 69. 64 


28. 10 


80 


74.93 


28. 02 


74.69 


28.67 


74.43 


29. 32 


i 74. 17 


29.97 


86 


79.62 


29.77 


79. 36 


30.46 


79.09 


31. 16 178.81 


31. 84 


90 


84. 30 


31.62 


84. 02 


32. 26 


88.74 


32.99 


|83. 46 


33.71 


96 


98.98 


33. 27 


88.69 


34.04 


88. 39 


34. 82 


88. 08 


35.69 


100 


93.67 


36.02 
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36.84 
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36. 66 


92.72 


37.46 
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Dep. 
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Dep. 
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Dep. 
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Dep. 


eSiH Deg. 
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«HI)««. 1 


S8 D<r- 1 »Ji Deg. 
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]>«. 


Ui, 


Dvp. lAt. 


Dep. 


Lat 


Dep. 


0.90 


0.38 


0.92 


0. 39 0. 92 


0.40 


0. 91 


0.41 


a 


1.86 


0.77 


1.84 


0. 78 


1.83 


0.80 


1.83 


0.81 


3 


2.77 


1. 16 


2.76 


1. 17 


2.76 


1.20 


2.74 


1.22 


4 


3.70 


1.63 


3.68 


1.66 


3. 67 


1.69 


3.66 


1.63 


6 


4.62 


1.91 


4.60 


1.96 


4.69 


1.99 


4.67 


2.03 


6 


6.64 


2. 30 


6.62 


2. 34 


6.60 


2.39 


6.48 


2.44 


7 


6.47 


2.68 


6.44 


2.74 


6.42 


2.79 


6. 39 


2.86 


8 


7.39 


3.06 


7. 36 


3. 13 


7.34 


3.19 


7.31 


3.26 


9 


8.31 


3.44 


8.28 


3.62 


8.26 


3.69 


8.22 


3.66 


10 


9.24 


3. 83 


9. 20 


3.91 


9. 17 


3.99 


9 14 


4.07 


n 


10. 16 


4.21 


10. 13 


4.30 


10.09 


4.39 


10.05 


4.47 


12 


11.09 


4.69 


11.06 


4.69 


11.00 


4.78 


10. 96 


4. 88 


13 


12.01 


4.97 


11.97 


6.08 


11.92 


6.18 


11.88 


6.29 


14 


12.93 


6.36 


12.89 


6.47 


12.84 


6.68 


12.79 


6.69 


15 


13. 86 


6.74 


13. 81 


6.86 


13.76 


6.98 


13.70 


6. 10 


16 


14.78 


6. 12 


14. 73 


6.26 


14.67 


6. 38 1 14. 62 


6.61 


17 


16.71 


6.61 


16.66 


6. 64 


15.69 


6.78 


16.53 


6.92 


18 


16.63 


6. 89 


16.67 


7. 03 


16.61 


7.18 


16.44 


7. 32 


19 


17.66 


7.27 


17.49 


7.42 


17.42 


7.68 


17.36 


7.73 


30 


18.48 


7.66 


18.41 


7.81 


18.34 


7.97 


18.27 


8. 13 


21 


19.40 


8.04 


19.33 


8.21 


19. 26 


8.37 


19. 18 


8.64 


22 


20.33 


8.42 


20.26 


8.60 


20. 18 


8.77 


20. 10 


8.95 


23 


21.26 


8.80 


21. 17 


8.99 


21.09 


9.17 


21.01 


9. 35 


24 


22. 17 


9. 18 


22.09 


9. 38 


22.01 


9.67 


21.93 


9.76 


26 


23. 10 


9.67 


23.01 


9.77 


22.93 


9.97 


22.84 


10. 17 


26 


24.02 


9.96 


23.93 


10. 16 


23.84 


10.37 


23.75 


10.58 


27 


24.94 


10.33 


24.86 


10.66 


24.76 


10.77 


24. 67 


10.98 


28 


26.87 


10.72 


26.77 


10. 94 


26.68 


11.16 


26.68 


11. 39 


29 


26.79 


11. 10 


26.69 


11.33 


26.69 


11.66 


26.49 


11.80 


30 


27.72 


11.48 


27.62 


11. 62 


27.61 


11.96 


27.41 


12.20 


36 


32.84 


13.39 


32.22 


13.68 


32. 10 


13.96 


31. 97 


14. 24 


40 


36.96 


16.31 


36.82 


16.63 


36.68 


15.95 


36.64 


16.27 


46 


41.67 


17.22 


41. 42 


17.68 


41.27 


17.94 


41. 11 


18.30 


60 


46. 19 


19. 13 


46. 03 


19.64 


45.85 


19.94 


46.68 


20. 34 


66 


60.81 


21.06 


60.63 


21.49 


50.44 


21.93 


60.24 


22. 37 


60 


66.43 


22.96 


66.23 


23.44 


66.02 


23.92 


64.81 


24. 40 


66 


60.06 


24.87 


69.83 


26.40 


69.61 


26.92 


59.38 


26.44 


70 


64.67 


26.79 


64. 44 


27.36 


64. 19 


27.91 


63.96 


28. 47 


76 


69.29 


28.70 


69.04 


29.30 


68.78 


29.91 


68.52 


30. 61 


80 


73.91 


30.61 


73. 64 


31.26 


73. 36 


31.90 


73. 08 


32. 64 


86 


78.63 


32.63 


78.24 


33.21 


77.96 


33.89 


77.66 


34.67 


90 


83. 16 


34.44 


82.86 


36. 17 


82.64 


36.89 


82.22 


36. 61 


96 


87.77 


36.36 


87.46 


37. 12 
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37.88 


86.79 


38.64 
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92.39 


38.27 


92.06 


39.07 


91.71 


39.87 
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Dep. 
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Dep. 
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«7J^Deg. 
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24HI>eg. 


26Deg. 
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\ — 

Lat. 


Dep. 


Lttt 


De^ 


Lat 


Dep. 


Lat 


Dep. 
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0.91 


0.41 


0.91 


0.42 


0.90 


0. 43 


0. 90 


0.44 


2 


1.82 


0.83 


1.81 


0.85 


1.81 


0.86 


1.80 


0. 88 


3 


2. 73 


1. 24 


2.72 


1.27 


2.71 


1. 29 


2. 70 


1. 32 


4 


3.64 


1.66 


3. 63 


1.69 


3. 61 


1.72 


3. 60 


1.75 


6 


4.55 


2. 07 


4.53 


2. 11 


4.51 


2. 15 


4.49 


2. 19 


6 


5.46 


2.49 


5.44 


2.54 


5.42 


2.58 


5. 39 


2. 63 


7 


6.37 


2. 90 


6. 34 


2.96 


6. 32 


3. 01 


6. 29 


3.07 


8 


7.28 


3. 32 


7.26 


3.38 


7.22 


3. 44 


7. 19 


3.51 


9 
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3.73 


8. 16 


3.80 


8. 12 


3.87 


8.09 


3. 96 


10 


9. 10 


4. 15 


9. 06 


4,23 


9. 03 


4.31 


8.99 


4. 38 


11 


10.01 


4.56 


9.97 


4. 65 


9.93 


4.74 


9.89 


4. 82 


12 


10. 92 


4. 98 


10.88 


5. 07 


10. 83 


5. 17 


10. 79 


5.26 


13 


11.83 


5. 39 


11.78 


5. 49 


11.73 


5.60 


11.68 


5.70 


14 


12. 74 


5. 81 


12. 69 


5.92 


12. 64 


6.03 


12.58 


6. 14 


15 


13. 65 


6. 22 


13.59 


6. 34 


13.54 


6. 46 


13. 48 


6.58 


16 


14. 56 


6. 64 


14. 50 


6.76 


14.44 


6.89 


14. 38 


7.01 


17 


15.47 


7. 05 


15. 41 


7. 18 


15. 34 


7.32 


15.28 


7.45 


18 


16.38 


7.46 


16. 31 


7.61 


16.25 


7.75 


16. 18 


7.89 


19 


17. 19 


7. 88 


17.22 


8. 03 


17. 15 


8. 18 


17. 08 


8. 33 


20 


18.20 


8.29 


18. 13 


8. 45 


18. 05 


8. 61 


17.98 


8.77 


21 


19. 11 


8.71 


19.03 


8.87 


18. 95 


9. 04 


18.87 


9. 21 


22 


20.02 


9. 12 


19. 94 


9. 30 


19.86 


9. 47 


19.77 


9.64 


23 


20. 93 


9.54 


20.85 


9.72 


20. 76 


9.90 


20.67 


10.08 


24 


21.84 


9. 95 


21. 75 


lO. 14 


21.66 


10. 33 


21.57 


10. 52 


25 


22. 75 


10. 37 


22.66 


10.57 


22.56 


10.76 


22. 47 


10. 96 


26 


23.66 


10. 78 


23. 56 


10.99 


23. 47 


11. 19 


23. 37 


11. 40 


27 


24. 57 


11. 20 


24. 47 


11.41 


24.37 


11. 62 


24. 27 


11.84 


28 


25. 48 


11. 61 


25. 38 


U. 83 


25.27 


12. 05 


25. 17 


12. 27 


29 


26. 39 


12. 03 


26.28 


12. 26 


26. 17 


12. 48 


26. 06 


12.71 


30 


27.30 


12. 44 


27. 19 


12. 68 


27.08 


12.92 


26.96 


13. 15 


35 


31.85 


14.51 


31.72 


14.79 


31.59 


15. 07 


31. 46 


15. 34 


40 


36. 40 


16. 59 


36.25 


16.90 


36. 10 


17.22 


36. 95 


17.53 


45 


40.96 


18. 66 


40. 78 


19. 02 


40.62 


19. 37 


40. 45 


19.73 


50 


45.50 


20. 73 


45. 32 


21. 13 


45. 13 


21. 53 


44. 94 


21.92 


55 


50.05 


22.81 


49.85 


23. 24 


49.64 


23. 68 


49. 43 


24. 11 


60 


54.60 


24. 88 


54. 38 


26. 36 


64. 16 


25.83 


53. 93 


26. 30 


65 


59. 15 


26. 96 


58.91 


27 47 


58.67 


27.98 


58. 42 


28. 49 


70 


63.70 


29.03 


63. 44 


29.68 


63. 18 


30. 14 


62. 92 


30. 69 


75 


68.25 


31. 10 


67.97 


31.70 


67.69 


32.29 


67. 41 


32.88 


80 


72. 80 


33. 18 


72. 60 


33. 81 


72. 21 


34. 44 


71.90 


35.07 


85 


77. 35 


35. 25 


77. 04 


36.92 


76.72 


36.59 


76. 40 


37.26 


90 


81. 90 


37. 32 


81.57 


38. 04 


81. 23 


38.75 


80. 89 


39.46 


95 


86.45 


39. 40 


86. 10 


40. 15 


85. 75 


40. 90 


86.39 


41.65 


100 


91. 00 


41. 47 
Lat. 


90.63 


42. 26 


90.26 


43. 05 


89.88 


43.84 


Dep. 


Dep. 
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Dep. 


Lat 


Dep. 


Lat 


66H Deg. 


66Deg. 


Ci^Deg. 
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«H»^. 1 «»^. 1 STKix*. 1 
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Dep. 


L«t 


Dep. Lat 


Dep. 


UL 


Dep. 


0.89 


0.45 


0.89 


0.45 


0.89 


0.46 


0.88 


0.47 


3 


1.79 


0.89 


1.78 


0.91 


1. 77 


0.92 


1.77 


0.94 


3 


2.68 


1.34 


2.67 
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2.66 


1.39 


2.66 


1.41 


4 


3.58 


1.78 


3.56 


1.82 


3.66 


1.86 


3.63 


1.88 


5 


4.67 


2.23 


4.46 


2.27 


4. 44 


2.31 


4.41 


2. 35 


6 


6.37 


2.68 


6. 35 


2.72 


5.32 


2.77 


6. 30 


2. 82 


7 


6.26 


3. 12 


6.24 


3. 18 


6.21 


3.23 
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3.29 


8 


7. 16 


3.47 


7. 13 


3.63 


7. 10 


3.69 


7. 06 


3.76 


9 


8.06 


4. 02 


8.02 


4. 09 


7.98 


4.16 


7. 96 


4. 23 


10 


8.96 


4.46 


8.91 


4. 54 


8. 87 


4.62 


8.83 


4. 69 


11 


9.84 


4.91 


9.80 


4.99 


9.76 


6.08 
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12 


10.74 


6. 36 


10.69 


5.45 


10-64 


6.54 


10. 60 


6.63 


13 


11.63 


6. 80 


11.58 


6.90 


11.63 


6.00 


11. 48 


6. 10 


14 


12.63 


6. 26 


12.47 


6.36 


12. 42 


6.49 


12. 36 


6.67 


16 


13.42 


6. 69 


13. 37 


6.81 


13. 31 


6.93 


13. 24 


7. 04 


16 


14. 32 


7. 14 


14.26 


7.26 


14. 19 


7.39 


14. 13 


7.61 


17 


16.21 


7. 69 


16. 16 


7.72 


16* 08 


7.85 


16. 01 


7.98 


18 


16. 11 


8. 03 


16.04 


8. 17 


16. 97 


8.31 


16.89 


8.46 


19 


17.00 


8.48 


16.93 


8.63 


16. 86 


8.77 


16.78 


8. 92 


20 


17.90 


8. 92 


17.82 


9.08 


17.74 


9.23 


17.66 


9. 39 


2] 


18.79 


9. 37 


18.71 


9.63 


18. 63 


9.70 


18.64 


9. 86 


22 


19. 69 


9.82 


19.60 


9.99 


19.61 


10.16 


19. 42 


10. 33 


23 


20.68 


10.26 


20. 49 


10.44 


20. 40 


10.62 


20. 31 


10. 80 


24 


21. 48 


10.71 


21. 38 


10. 90 


21.29 


11.08 


21. 19 


11. 27 


26 


22. 37 


11. 16 


22.28 


11. 36 


22. 18 


11.64 


22. 07 


11. 74 


26 


23.27 


11.60 


23. 17 


11.80 


23. 06 


12.01 


22. 96 


12. 21 


27 


24. 16 


12. 06 


24. 06 


12.26 


23. 96 


12.47 


23. 84 


12. 68 


28 


26.06 


12. 49 


24.96 


12.71 


24. 84 


12.93 


24. 72 


13. 16 


29 


26.96 


12.94 


26.84 


13. 17 


26.72 


13.39 


25.61 


13. 61 


30 


26. 86 


13. 39 


26.73 


13.62 


26.61 


13.85 


26.49 


14. 08 


36 


31. 32 


16.62 


31. 19 


16. 89 


31. 06 


16.16 


30. 90 


16. 43 


40 


36. 80 


17.85 


35. 64 


18. 16 


36.48 


18.47 


36. 32 


18. 78 


46 


40.27 


20. 08 


40. 10 


20. 43 


39. 92 


20.78 


39. 73 


21. 13 


60 


44.76 


22. 31 


44. 65 


22.70 


44. 35 


23.09 


44. 15 


23. 47 


56 


49.22 


24. 64 


49.01 


24. 97 


48. 79 


26.40 


48.56 


26. 82 


60 


63.70 


26.77 


63.46 


27.24 


53. 22 


27.70 


62. 98 


28. 17 


66 


68. 17 


29. 00 


67.92 


29.61 


67. 66 


30.01 


57. 39 


30. 62 


70 


62.66 


31.23 


62. 37 


31. 78 


62. 09 


32.32 


61.81 


32. 86 


76 


67. 12 


33. 46 


66. 83 


34. 05 


66.63 


34.63 


66. 22 


36. 21 


80 


71.69 


35.70 


71. 28 


36. 32 


70. 96 


36.94 


70.64 


37.56 


85 


76. 07 


37. 93 


75.74 


38. 69 


75. 40 


39.26 


76. 05 


39. 91 


90 


80.64 


40. 16 


80. 19 


40. 86 


79. 83 


41.56 


79. 47 


42.26 


96 


86.02 


42. 39 


84. 65 


43. 13 


84. 27 


43.87 


83. 88 


44. 60 


100 


89.49 


44. 62 


89. 10 


45. 40 


88.90 


46.17 


88. 29 


46. 95 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


«8J4 Deg. 1 


631 


Deg. 


62K Deg. 1 


62 


Deg. 
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TRAVERSE TABLE. 


»| 


f 


28HI>e«. 


SBDflg. 


»Hl>e«. 


80De«. 1 


LKt 


i>^ 


lAt 


Bqi. 


Lat. 


Dep. 


Lat 


Dep. 


1 


0.88 


0.48 


0.87 


0.48 


0.87 


0. 49 


0.87 


0.60 


2 


1.76 


0.96 


1.76 


0.97 


1.74 


0.98 


1.78 


1.00 


3 


2.64 


1.43 


2.62 


1.45 


2.61 


1.48 


2. 60 


1.60 


4 


3.62 


1.91 


3.60 


1.94 


3.48 


1.97 


3. 46 


2.00 


6 


4.39 


2.39 


4. 37 


2.42 


4. 36 


2.46 


4. 33 


2.50 


6 


6.27 


2.86 


6.25 


3.91 


6.22 


2.96 


6.20 


3. 00 


7 


6. 15 


3.34 


6. 12 


3. 39 


6.09 


3.46 


6.06 


3.60 


8 


7.03 


3.82 


7.00 


3.88 


6. 96 


3. 94 


6. 93 


4.00 


9 


7.91 


4.29 


7.87 


4.36 


7.83 


4.43 


7.79 


4. 60 


10 


8.79 


4.77 


8.76 


4.86 


8.70 


4.92 


8.66 


6. 00 


11 


9.67 


6.26 


9. 62 


6.33 


9.67 


6.42 


9. 63 


6.60 


13 


10.66 


5.73 


10.50 


6. 82 


10.44 


6.91 


10. 39 


6.00 


13 


11. 42 


6.20 


11.37 


6. 30 


11.31 


6. 40 


11.26 


6.60 


14 


12. 30 


6. 68 


12.24 


6.79 


12. 18 


6.89 


12. 12 


7. 00 


16 


13. 18 


7. 16 


13. 12 


7. 27 


13.06 


7. 39 


12.99 


7.60 


16 


14.06 


7.63 


13. 99 


7.76 


13.93 


7.88 


13. 86 


8.00 


17 


14. 94 


8. 11 


14. 87 


8.24 


14.80 


8. 37 


14.72 


8.50 


18 


15.82 


8.69 


15.74 


8. 73 


15.67 


8.86 


15.59 


9.00 


19 


16.70 


9.07 


16.62 


9.21 


16.64 


9. 36 


16.45 


9.50 


20 


17.58 


9.54 


17.49 


9.70 


17.41 


9.85 


17. 32 


10. 00 


21 


18.46 


10. 02 


18. 37 


10. 18 


18.28 


10. 34 


18. 19 


10. 60 


22 


19. 33 


10.50 


19.24 


10.67 


19. 15 


10. 83 


19. 05 


11.00 


23 


20.21 


10.97 


20. 12 


11. 15 


20. 02 


11.33 


19.92 


11.60 


24 


21. 09 


11.45 


20. 99 


11.64 


20. 89 


11.82 


20.78 


12.00 


25 


21.97 


11. 93 


21.87 


12. 12 


21.76 


12. 31 


21. 66 


12. 60 


26 


22.85 


12. 41 


22. 74 


12. 60 


22.63 


12.80 


22.62 


13. 00 


27 


23.73 


12. 88 


23.61 


13.09 


23. 50 


13. 30 


23. 38 


13.50 


28 


24. 61 


13. 36 


24. 49 


13.57 


24. 37 


13.79 


24.25 


14. 00 


29 


25.49 


13. 84 


25. 36 


14.06 


25. 24 


14. 28 


26. 11 


14.60 


30 


26. 36 


14. 31 


26.24 


14.54 


26. 11 


14.77 


25. 98 


16.00 


35 


30.76 


16.70 


30.61 


16.97 


30. 46 


17. 23 


30. 31 


17.50 


40 


35. 15 


19. 09 


34. 98 


19. 39 


34. 81 


19. 70 


34.64 


20. 00 


45 


39. 55 


21. 47 


39. 36 


21. 82 


39. 17 


22. 16 


38. 97 


22. 50 


60 


43.94 


23. 86 


43. 73 


24. 24 


43. 52 


24. 62 


43. 30 


25. 00 


55 


48. 33 


26.24 


48. 10 


26.66 


47. 87 


27. 08 


47. 63 


27. 60 


60 


52.73 


28. 63 


62. 48 


29. 09 


62.22 


29.65 


51.96 


30. 00 


65 


57. 12 


31. 02 


66. 85 


31. 51 


56. 57 


32. 01 


66.29 


32. 60 


70 


61.52 


33. 40 


61.22 


33. 94 


60.92 


34.47 


60. 62 


35.00 


75 


65. 91 


35.79 


65. 60 


36. 36 


65.28 


36. 93 


64. 95 


37. 60 


80 


70. 31 


38. 17 


69.97 


38. 78 


69.63 


39. 39 


69. 28 


40. 00 


85 


74. 70 


40. 56 


74. 34 


41.21 


73. 98 


41. 86 


73. 61 


42.50 


90 


79.09 


42. 94 


78.72 


43.63 


78. 33 


44. 32 


77.94 


45.00 


95 


83.49 


45. 33 


83. 09 


46. 06 


82. 68 


46. 78 


82. 27 


47. 50 


100 


87.88 


47.72 


87.46 


48.48 


87.04 


49.24 


86. 60 


50.00 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Lat 


Dop. 


Lat 


61K Deg. 


eiDeg. 


eOKDeg. 


60 Deg. 1 


Jl 
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TRAVERSE TABLE. 


= 


1 


aOJ^Deg. 1 


»ll>««. 


aiHDeg. 


«2 Deg. 1 


LKt 


Dq^ 


Lat. 


1>^ 


Lat. 


Dep. 


Lat 


Dep. 


0.86 


0.61 


0.86 


0.61 


0.85 


0.63 


0.86 


0.63 


3 


1.73 


1.02 


1.71 


1.03 


1.71 


1.04 


1.70 


1.06 


3 


2.68 


1.62 


2.67 


1.66 


2.66 


1.67 


2.64 


1.69 


4 


3.46 


3. 03 


3.43 


2. 06 


3.41 


2.09 


3. 39 


2. 12 


5 


4.81 


2.64 


4.29 


2.68 


4.26 


2.61 


4.24 


2.66 


6 


6. 17 


3. 06 


6. 14 


3.09 


6. 12 


3. 13 


6.09 


3. 18 


7 


6. 03 


3.66 


6. 00 


3.61 


6.97 


3.66 


6.94 


3.71 


8 


6.89 


4.06 


6.86 


4. 13 


6.82 


4. 18 


6. 78 


4.24 


9 


7.76 


4.67 


7.71 


4. 64 


7.67 


4.70 


7.63 


4. 77 


10 


8.62 


6.08 


8.67 


6. 15 


8.63 


6.22 


8.48 


6.30 


11 


9. 48 


5.68 


9.43 


6.67 


9. 38 


6. 75 


9 33 


6.83 


12 


10. 34 


6. 09 


10.29 


6. 18 


10. 23 


6.27 


10. 18 


6.86 


13 


11.30 


6.60 


11. 14 


6.70 


11.08 


6.79 


11.03 


6.89 


14 


12.06 


7. 11 


12.00 


7.21 


11.94 


7. 31 


11.87 


7.42 


16 


12. 92 


7.61 


12. 86 


7.73 


12.79 


7.84 


12.72 


7.96 


16 


13.79 


8. 12 


13.71 


8. 24 


13. 64 


8.36 


13.67 


8.48 


17 


14.66 


8.63 


14.67 


8.77 


14. 49 


8.88 


14. 42 


9. 01 


18 


15.61 


9. 14 


16.43 


9.27 


15.35 


9. 40 


15.26 


9.64 


19 


16. 37 


9.64 


16.29 


9.79 


16. 20 


9.93 


16. 11 


10.07 


30 


17.23 


10. 15 


17. 14 


10. 30 


17. 05 


10.46 


16.96 


10.60 


2] 


18.09 


10.66 


18.00 


10.82 


17.91 


10.97 


17.81 


11. 13 


22 


18. 96 


11. 17 


18.86 


11. 33 


18.76 


11.49 


18. 66 


11.66 


23 


19. 82 


11.67 


19.71 


11.85 


19.61 


12. 02 


19.51 


12. 19 


24 


20. 68 


12. 18 


20. 67 


12. 36 


20. 46 


12.64 


20. 35 


12.72 


25 


21. 54 


12. 69 


21. 43 


12.88 


21. 32 


13.06 


21. 20 


13.25 


26 


23. 40 


13. 20 


22.29 


13.39 


22. 17 


13.68 


22. 06 


13.78 


27 


23.26 


13. 70 


23. 14 


13. 91 


23. 02 


14. 11 


22. 90 


14.31 


28 


24. 13 


14.21 


24. 00 


14.42 


23.87 


14. 63 


23. 76 


14.84 


29 


24.99 


14.72 


42.86 


14.94 


24.73 


16. 15 


24.69 


16.37 


30 


26.86 


16.23 


25.71 


16.46 


26.68 


16.67 


25.44 


16.90 


36 


30. 16 


17.76 


30. 00 


18. 03 


29. 84 


18.29 


29.68 


18.65 


40 


34. 47 


20 30 


34. 29 


20. 60 


34. 11 


20. 90 


33.92 


21.20 


45 


38. 77 


22.84 


38.67 


23. 18 


38.37 


23.61 


38. 16 


23. 85 


60 


43.08 


25. 38 


42.86 


26.75 


42.63 


26. 12 


42. 40 


26. 60 


56 


47.39 


27.91 


47. 14 


28. 33 


46. 90 


28.74 


46.64 


29. 16 


60 


51.70 


30.45 


51.53 


30. 90 


51. 16 


31.36 


50.88 


31.80 


65 


56.01 


32.99 


56.72 


33.48 


56. 42 


33.96 


55. 12 


34. 44 


70 


60. 31 


35.63 


60. 00 


36. 05 


59. 68 


36.67 


59.36 


37.09 


75 


64.62 


38. 07 


64.29 


38. 63 


63.96 


39. 19 


63.60 


39.74 


80 


68. 93 


40. 60 


68.57 


41.20 


68.21 


41. 80 


67.84 


42. 39 


85 


73. 24 


43. 14 


72. 86 


43.78 


72. 47 


44. 41 72. 08 


45.04 


90 


77. 65 


46.68 


77. 15 


46. 35 


76.74 


47. 02 76. 32 


47.69 


96 


81.85 


48.22 


81.43 


48.93 


81. 00 


49.64 80.66 


60. 34 


100 


86. 16 


60. 75 


85.72 


.61. 60 


86.26 


62. 26 84. 80 


52.69 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Lat Dep. 


Lat. 


MJ^ 


Deg. 


WDeg. 1 


68KDeg. 1 68 Deg. 1 
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TRAVERSE TABLE. 
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f 


«2KI)««. 


88Deg. 


88HDe«. 


84Deg. II 


Ui, 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


1 


0.84 


0.54 


0.84 


0.54 


0.83 


0.55 


0.83 


0.66 


2 


1.69 


1.07 


1.68 


1.09 


1.67 


1. 10 


1.66 


1. 12 


3 


2.53 


1.61 


2.52 


1. 63 


2.50 


1.66 


2.49 


1.68 


4 


3.37 


2. 15 


3.35 


2. 18 


3. 34 


2.21 


3. 32 


2.24 


6 


4.22 


2. 69 


4. 19 


2. 72 


4. 17 


2.76 


4. 15 


2.80 


6 


5.06 


3.22 


5.03 


3.27 


5. 00 


3.31 


4.97 


3.36 


7 


5.90 


3. 76 


5.87 


3.81 


5.84 


3.86 


5. 80 


3.91 


8 


6.75 


4.30 


6.71 


4.36 


6.67 


4.42 


6.63 


4.47 


9 


7.59 


4.84 


7.55 


4.90 


7.50 


4.97 


7.46 


5. 03 


10 


8.43 


5.37 


8. 39 


5. 45 


8.34 


5.52 


8.29 


5.69 


11 


9.28 


5.91 


9.23 


5.99 


9. 17 


6. 07 


9. 12 


6. 16 


12 


10. 12 


6.45 


10.06 


6.54 


10. 01 


6.62 


9.95 


6.71 


13 


10. 96 


6.98 


10. 90 


7.08 


10. 84 


7. 18 


10.78 


7.27 


14 


11.81 


7, 52 


11. 74 


7. 62 


11.67 


7.73 


11.61 


7.83 


15 


12.65 


8.06 


12. 58 


8. 17 


12.51 


8.28 


12. 44 


8.39 


16 


13.49 


8.60 


13.42 


8.71 


13. 34 


8.83 


13.26 


8.95 


17 


14.34 


9. 13 


14.26 


9.26 


14. 18 


9. 38 


14. 09 


9.51 


18 


15. 18 


9.67 


15. 10 


9.80 


15. 01 


9.93 


14.92 


10.07 


19 


16.02 


10.21 


15.93 


10.35 


15.84 


10. 49 


15.76 


10.62 


20 


16.87 


10.75 


16.77 


10. 89 


16.68 


11.04 


16.58 


11. 18 


21 


17.71 


11.28 


17.61 


11.44 


17.51 


11.59 


17.41 


11.74 


22 


18.55 


11.82 


18.45 


11.98 


18. 35 


12. 14 


18.24 


12. 30 


23 


19. 40 


12. 36 


19. 29 


12.53 


19. 18 


12.69 


19.07 


12.86 


24 


20.28 


12.90 


20. 13 


13.07 


20. 01 


13.25 


19. 90 


13.42 


25 


21.08 


13.43 


20.97 


13.62 


20. 85 


13.80 


20.73 


13. 98 


26 


21.93 


13.97 


21.81 


14. 16 


21.68 


14. 35 


21.66 


14.54 


27 


22.77 


14.51 


22.64 


14.71 


22.51 


14. 90 


22. 38 


15. 10 


28 


23.61 


15.04 


23.48 


15.25 


23. 35 


15.45 


23.21 


15.66 


29 


24.46 


15.58 


24.32 


15.97 


24.18 


16. 01 


24. 04 


16.22 


30 


25.30 


16. 12 


25. 16 


16.34 


25.02 


16.56 


24.87 


16.78 


35 


29.52 


18.81 


29.35 


19.06 


29. 19 


19. 32 


29.02 


19.57 


40 


33.74 


21.49 


33.55 


21.79 


33. 36 


22.08 


33. 16 


22.37 


45 


37.95 


24. 18 


37.74 


24.51 


37.52 


24.84 


37. 31 


25. 16 


50 


42. 17 


26. 86 


41.93 


27.23 


41.69 


27.60 


41.45 


27.96 


65 


46.39 


29.55 


46. 13 


29.96 


45.86 


30.36 


46. 60 


30.76 


60 


50. 60 


32.24 


50. 32 


32.68 


50.08 


33. 12 


49.74 


33.55 


65 


54. 82 


34.92 


54.51 


35.40 


54.20 


35.88 


63.89 


36.36 


70 


59. 04 


37.61 


58.72 


38. 12 


58. 37 


38.64 


58.03 


39. 14 


75 


63.25 


40. 30 


62. 90 


40.85 


62.54 


41.40 


62. 18 


41.94 


80 


67. 47 


42.98 


67. 09 


43.57 


66.71 


44. 15 


66.32 


44.74 


85 


71.69 


45.67 


71 29 


46.29 


70.88 


46.91 


70.47 


47.63 


90 


75. 91 


48.36 


75.48 


49.02 


75.05 


49.67 


74.61 


60.33 


95 


80. 12 


51.04 


79.67 


51.74 


79.22 


54. 43 


78.76 


63.12 


100 


84.34 


53.73 


83.87 


54.46 


83. 39 


55. 19 


82.90 


55.92 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat 


67Kl>eg. 


67Deg. 


fiej^Deg. 


66 Dec. 1 


Jl 



90 


TRAVERSE TABLE. 


f 


M>il>eg- 


S9Deg. 


WJ^Deg. 


40 Deg. 1 


Ut. 


i>«. 


UL 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


1 


0.78 


0.62 


0.78 


0.63 


0. 77 


0. 64 


0.77 


0. 64 


a 


1.57 


1.24 


1.55 


1.26 


1.54 


1.27 


1.53 


1. 29 


3 


2.35 


1.87 


2.33 


1. 89 


2.31 


1.91 


2. 30 


1. 93' 


4 


3. 13 


2.49 


3. 11 


2.52 


3.09 


2.54 


3. 06 


2.57 


5 


3.91 


3. 11 


3.89 


3. 15 


3.86 


3. 18 


3.83 


3.21 


6 


4.70 


3.74 


4. 66 


3.98 


4.63 


3.82 


4.60 


3. 86 


7 


5.48 


4. 36 


5.44 


4.41 


5. 40 


4. 45 


5.36 


4.50 


8 


6.26 


4.98 


6.22 


5.03 


6. 17 


5.09 


6. 13 


5. 14 


9 


7. 04 


5. 60 


6.99 


5.66 


6.94 


5. 72 


6. 89 


5.79 


10 


7.83 


6. 23 


7.77 


6.29 


7.72 


6. 36 


7.66 


6.43 


11 


8. 61 


6.85 


8.55 


6. 92 


8.49 


7. 00 


8.43 


7.07 


12 


9. 39 


7.47 


9.33 


7.55 


9. 26 


7. 63 


9. 19 


7.71 


13 


10. 17 


8.09 


10. 10 


8. 18 


10. 03 


8.27 


9.96 


8.36 


14 


10. 96 


8. T^ 


10.88 


8.81 


10.80 


8.91 


10. 72 


9.00 


15 


11.74 


9. 34 


11.66 


9.44 


11.57 


9.54 


11. 49 


9.64 


16 


12.52 


9. 96 


12.43 


10. 07 


12. 35 


10. 18 


12.26 


10.28 


17 


13.30 


10.58 


13.21 


10. 70 


13. 12 


10.81 


13. 02 


10.93 


18 


14.09 


11.21 


13. 99 


11. 33 


13.89 


11.45 


13.79 


11.57 


19 


14.87 


11.83 


14.77 


11.96 


14. 66 


12.09 


14.55 


12.21 


20 


15.65 


12.45 


15.54 


12.59 


15.43 


12.72 


15. 32 


12.86 


21 


16.43 


13. 07 


16.32 


13.22 


16.20 


13. 36 


16. 09 
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aa 


i8 


ss 


148 


208 


208 


338 


389 


449 


ulli 571 


032 093 


754 


810 


877 


939 


29 


itR 


Ej 


149 


209 


369 


330. 390 


4SU 


511 


572 


633 


6&4 


755, 817 


878 


941 


30 


3D 


90 


150 


^10 


270 


SSli 391 


451 


512 


,573 


634 


095 


766! 818 
7571 819 


879 


942 


31 


31 


91 


151 


211 


271 


333 392 


452 


513 


674 


055 


6&a 


880 


943 


S::] 


32 


92 


152 


312 


273 


333 


393 


453 


514 


575 


636 


697 


768 830 


882 


944 


33 


33 


93 


153 


513 


373 


334 


394 


454 


515 


676 


637 


698 


759 


831 


883 


945 


34 


34 


94 


154 


314 


374 


335 


395 


455 


516 


577 


fm 


099 


760 


822 


884 


946 


35 


35 


95 


155 


215 


275 


336 


390 


456 


517 


578 


639 


700 


701 


833 


885 


947 


3B 


34> 


96 


151J 


3|fi 


':^7G 


337 


397 


457 


618 


679 


640 


701 


762 


824 


886 


948 


37 


37 


97 


157 


217 


277 


338 


898 


458 


519 


580 


941 


70^2 


763 


825 


887 


949 


SB 


38 


98 


loh 


318 


278 


339 


399 


J 59 


a-2ii 


581 


642 


703 


764 


826 


888 


950 


31» 


31^ 


99 


159 


219 


379 


340 


400 


460 


521 


582 


643 


704 


765 


827 


SS9 


951 


40 


40 


lOU 


160 


220 


380 


341 


401 


461 


523 


583 


644 


706 


766 


838 


890 


962 


41 


41 


101 


161 


321 


-281 


34^ 


4oa 


462 


6211 


5«4 


645 


706 


767 


839 


691 


963 


42 


42 


104 


lti'2 


22-2 


2H^J 


343 


4J>3 


463 


534 


685 


640 


707 


168 


830 


893 


954 


43 


43 


}m 


I'liS 


223 


283 


344 


404 


464j5'25 


586 


047 


70B 


769 


831 


693 


956 


44 


44 


lot 


164 


22 i 


'281 


345 


405 


465 62 D 


587 


648 


703 


77<) 


^33 


894 


956 


45 


,45 


105 


165 


225 


285 


34f; 


4J")6 


Am 627 


5R8 


049 


7IU 


771 


633 


895 


957 


4Ci 


4\\ 


UM 


106 


226 


38iS 


347 


407 


467 528 


589 


650 


711 


772 


! 834 


896 


958 


47 


47 


iU7 


1«7 


237 


287 


34B 


408 


4lj8l 529 


590 


051 


712 


773 


836 


897 


959 


48 


48 


lOb 


IBS 


■*2^ 


38H 


349 


409 


469 1 53«i 


591 


(j52 


713 


774 


836 


898 


900 


4!? 


4a 


109 


109 


22i.i 


*2S9 


350 


410 


470[ 631 


592 


653 


714 


776 


837 


899 


961 


50 


60 


110 


170 


330 


C]9(> 


351 


411 


47 1 j 532 


593 


654 


716 


777 


838 


990 


963 


m 


51 


m 


171 


531 


291 


352 


412 


472; £33 


otM 


055 


716 


776^ 639 


901 


903 


5'^ 


5i3 


112 


172 


232 


292 


353 


413 


473 


&M 


595 


656 


717 


779 


840 


903 


964 


0,1 


53 


113 


173 


'^33 


293 


354 


414 


474 


536 


595 


657 


716 


7HC 


841 


903 


W55 


64 


54 


114 


174 


234 


394 


355 


415 


476 


530 


597 


058 


719 


781 


843 


!>04 


966 


65 


55 


Hfl 


175 


2^o 


295 


356 


416 


477 53? 


598 


669 


720 


782 


843 


905 


868 


5G 


ofi 


Ut. 


17tf 


236 


29fi 


357 


417 


47 8 1 o3b 


599 


000 


721 


7h3 


844 


600 


963 


57 


Ul 


117 


177 


^37 


297 


353 


418 


479 


539 


600 


661 


723 


784 


845 


907 


070 


m 


hH 


LIN 


1TB 


2^ 


^:9B 


359 


419 


4.S0 


540 


001 


063 


733 


7d5 


846 


9QB 


971 


59 


59 


110 


179 


239 


2m 


360 


420 


481 


541 


602 


663 


734 


786 


847 


909 


^972 


1 



TABLE IV. Meridlanal Parta. 95 || 


~r 


liP 


17° 


18? 


ido 


•20° 


21° 


22° 


23^ 


24° 


25^ 


2t)° 


27° 


28° 





973 


1035 


1098 


il6i 


1225 


1289 


1354 


1419 


1484 


1560 


i6r6 


1684 


ITST 


1 


974 


1036 


1099 


1163 


1226 


1290 


1355 


1420 


1485 


1661 


1618 


1686 


1752 


2 


975 


1037 


1100 


1164 


1227 


1291 


1366 


1421 


1486 


1662 


1619 


1686 


1763 


8 


976 


1038 


1101 


1165 


1228 


1292 


1357 


1422 


1487 


1663 


1620 


1687 


1766 


4 


977 


1039 


1102 


1166 


1229 


1293 


1368 


1423 


1488 


1664 


1621 


1688 


1766 


6 


978 


1041 


1103 


1167 


1230 


1296 


1369 


1424 


1490 


1666 


1622 


1689 


1767 


6 


979 


1042 


1106 


1168 


1232 


1296 


1360 


1425 


1491 


1567 


1623 


1690 


1768 


7 


980 


1043 


1106 


1169 


1233 


1297 


1361 


1426 


1492 


1668 


1624 


1692 


1759 


8 


981 


1044 


1107 


1170 


1234 


1298 


1362 


1427 


1493 


1659 


1625 


1693 


1760 


9 


982 


1045 


1108 


1171 


1235 


1299 


1363 


1428 


1494 


1560 


1626 


1694 


1761 


10 


983 


1046 


1109 


1172 


1236 


1300 


1364 


1430 


1495 


1661 


1628 


1696 


1762 


11 


984 


1047 


1110 


1173 


1237 


1301 


1366 


1431 


1496 


1562 


1629 


1696 


1764 


12 


986 


1048 


nil 


1174 


1238 


1302 


1367 


1432 


1497 


1563 


1630 


1697 


1766 


13 


986 


1049 


1112 


1176 


1239 


1303 


1368 


1433 


1498 


1664 


1631 


1698 


1766 


14 


987 


1060 


1113 


1176 


1240 


1304 


1369 


1434 


1499 


1565 


1632 


1699 


1767 


16 


988 


1051 


1114 


1177 


1241 


1305 


1370 


1435 


1600 


1667 


1633 


1700 


1768 


16 


989 


1052 


1115 


1178 


1242 


1306 


1371 


1436 


1502 


1568 


1634 


1701 


1769 


17 


990 


1053 


1116 


1179 


1243 


1307 


1372 


1437 


1503 


1569 


1635 


1703 


1770 


18 


991 


1064 


1117 


1181 


1244 


1308 


1373 


1438 


1604 


1570 


1637 


1704 


1772 


19 


993 


1065 


1118 


1182 


1245 


1310 


1374 


1439 


1505 


1571 


1638 


1705 


1773 


20 


994 


1056 


1119 


1183 


1246 


1311 


1375 


1440 


1506 


1672 


1639 


1706 


1774 


21 


995 


1057 


1120 


1184 


1248 


1312 


1376 


1441 


1607 


1673 


1640 


1707 


1776 


22 


996 


1058 


1121 


1185 


1249 


1313 


1377 


1443 


1608 


1674 


1641 


1708 


1776 


23 


997 


1059 


1122 


1186 


1250 


1314 


1379 


1444 


1509 


1576 


1642 


1709 


1777 


24 


99S 


1060 


1123 


1187 


1251 


1315 


1380 


1445 


1610 


1577 


1G43 


1711 


1778 


25 


999 


1161 


1125 


1188 


1252 


1316 


1381 


1446 


1611 


1578 


1644 


1712 


1780 


26 


1000 


1063 


1126 


1189 


1253 


1317 


1382 


1447 


1613 


1579 


1645 


1713 


1781 


27 


1001 


1064 


1127 


1190 


1254 


1318 


V3S3 


1448 


1514 


1580 


1647 


1714 


1782 


28 


1002 


1065 


1128 


1191 


1255 


1319 


1384 


1449 


1516 


1581 


1648 


1715 


1783 


29 


1003 


1066 


1129 


1192 


1256 


1320 


1385 


1450 


1516 


1582 


1649 


1716 


1784 


30 


1004 


1067 


1130 


11915 


1267 


1321 


1386 


1451 


1517 


1583 


1660 


1717 


1785 


31 


1005 


1068 


1131 


1194 1258 


1322 


1387 


1452 


1518 


1584 


1651 


1718 


1786 


32 


1006 


1069 


1132 


1195 


1259 


1324 


1388 


1453 


1519 


1585 


1652 


1720 


1787 


33 


1007 


1070 


1133 


1196 


1260 


1326 


1389 


1465 


1520 


1586 


1653 


1721 


1789 


34 


1006 


1071 


1134 


1198 


1261 


1326 


1390 


1466 


1621 


1588 


1654 


1722 


1790 


36 


1009 


1072 


1135 


1199 


1262 


1327 


1392 


1457 


1522 


1689 


1656 


1723 


1791 


36 


1010 


1073 


1136 


1200 


1264 


1328 


1393 


1458 


1524 


1690 


1657 


1724 


1792 


37 


1011 


1074 


1137 


1201 


1265 


1329 


1394 


1469 


1525 


1591 


1658 


1725 


1793 


38 


1012 


1075 


1138 


1202 


1266 


1330 


1396 


1460 


1526 


1692 


1659 


1726 


1794 


39 


1013 


1076 


1139 


1203 


1267 


1331 


1396 


1461 


1527 


1593 


1660 


1727 


1795 


40 


1014 


1077 


1140 


1204 


1268 


1332 


1397 


1462 


1528 


1594 


1661 


1729 


1797 


41 


1015 


1078 


1141 


1205 1269 


1333 


1398 


1463 


1529 


1595 


1662 


1730 


1798 


42 


1016 


1079 


1142 


l'20'6 


1270 


1334 


1399 


1464 


1530 


159G 


1663 


1731 


1799 


43 


1018 


1080 


1144 


1207 


1271 


1335 


1400 


1466 


1531 


1698 


1664 


1732 


1800 


44 


1019 


1081 


1145 


1208 


1272 


1336 


1401 


1467 


1532 


1699 


1666 


1733 


IBOI 


45 


1020 


1082 


1146 


1209 


1273 


1338 


1402 


1468 


1533 


1600 


1667 


1734 


1802 


46 


1021 


1084 


1147 


1210 


1274 


1339 


1403 


1469 


1536 


1601 


1668 


1735 


1803 


47 


1022 


1085 


1148 


1211 


1275 


1340 


1406 


1470 


1536 


1602 


1669 


1736 


1805 


48 


1023 


1086 


1149 


1212 


1276 


1341 


1406 


1471 


1.37 


1603 


1670 


1737 


1806 


49 


1024 


1087 


1150 


0213 


1277 


1342 


1407 


1472 


1538 


1604 


1671 


1739 


1807 


60 


1025 


1038 


1161 


1215 


1278 


1343 


1408 


1473 


1539 


1605 


1672 


1740 


1808 


61 


1026 


1089 


1162 


1216 


1280 


1344 


1409 


1474 


1540 


1606 


1673 


1741 


1809 


62 


1027 


1090 


1153 


1217 


1281 


1345 


1410; 1475 


1541 


1608 


1675 


1742 


1810 


63 


1028 


1091 


1154 


1218 


1282 


1346 


1411 


1476 


1542 


1609 


1676 


1743 


1811 


64 


1029 


1092 


1156 


1219 


1283 


1347 


1412 


1477 


1543 


1610 


1677 


1744 


1813 


65 


1030 


1093 


1156 


1220 


1284 


1348 


1413 


1479 


1644 


1611 


1678 


1746 


1814 


66 


1031 


1094 


1157 


1221 


1285 


1349 


1414 


1480 


1646 


1612 


1679 


1747 


1816 


67 


1032 


1095 


1168 


1222 


1286 


1360 


1415 


1481 


1547 


1613 


1680 


1748 


1816 


68 


1033 


1096 


1159 


1223 


1287 


1352 


1416 


1482 


1648 


1614 


1681 


1749 


1817 


69 


1034 


1097 


1160 


1224 


1288 


1353 


1418 


1483 


1649 


1615 


1682 


1760 


1818 


1 



96 Meridianml Parts. TABLE lY. j| 


T 


29P 


SXP 


ip 


32° 


33P 


34° 


36° 


36P 


•67° 


38° 


39^ 


40° 


41° 


"o 


1819 


1888 


1968 


2038 


9100 


2171 


2244 


2318 


2393 


2468 


2546 


2623 


2702 


1 


1821 


1890 


1959 


3080 


9101 


2173 


3346 


3319 


2394 


3470 


2546 


2624 


2708 


3 


1822 


1891 


1960 


3081 


3102 


2174 


3347 


3330 


2396 


3471 


3648 


2626 


2704 


8 


1823 


1892 


1962 


3032 


3103 


3176 


3248 


3832 


3396 


2472 


3649 


2627 


2706 


4 


1924 


1893 


1968 


2083 


3104 


3176 


2249 


3333 


3398 


2473 


3550 


2628 


2707 


6 


1825 


1894 


1964 


3034 


3106 


3178 


2360 


3334 


3399 


3476 


3561 


2629 


2708 


6 


1826 


1896 


1965 


3036 


3107 


3179 


3362 


3336 


3400 


3479 


3653 


2631 


2710 


7 


1827 


1896 


1966 


3037 


3108 


3180 


2253 


3337 


3401 


3477 


3554 


3633 


2711 


8 


1829 


1896 


1967 


3038 


3109 


3181 


2364 


3338 


3403 


3478 


3566 


3683 


2712 


9 


1830 


1899 


1969 


3039 


3110 


3182 


2255 


3829 


2404 


3480 


3657 


2634 


2714 


10 


1831 


1900 


1970 


3040 


3111 


3184 


3357 


2380 


2406 


3481 


3658 


2636 


2715 


11 


1832 


1901 


1971 


3041 


3113 


3186 


3358 


3883 


2406 


3483 


3659 


2637 


2716 


12 


1833 


1902 


1972 


3043 


3114 


3186 


3259 


3388 


3408 


3484 


3560 


2688 


2718 


13 


1834 


1903 


1973 


3044 


3116 


3187 


3360 


3334 


3409 


3486 


3562 


2640 


2719 


14 


1836 


1906 


1974 


3046 


3116 


3188 


3261 


3336 


3410 


3486 


2563 


2641 


2730 


16 


1837 


1906 


1976 


3046 


3117 


3190 


3263 


2387 


3411 


3487 


2564 


2642 


2722 


16 


1838 


1907 


1977 


3047 


3119 


3191 


2264 


2338 


3413 


3489 


2566 


2644 


2728 


17 


1839 


1908 


1978 


3048 


2120 


2192 


2266 


2339 


3414 


3490 


2667 


2645 


3734 


18 


1840 


1909 


1679 


3060 


3121 


2193 


2266 


2340 


2416 


3491 


2668 


2646 


3726 


19 


1841 


1910 


1980 


3061 


3122 


2194 


2268 


2342 


2416 


3492 


2569 


2648 


2727 


20 


1842 


1912 


1981 


3063 


3133 


2196 


2269 


2343 


2418 


2494 


2671 


2649 


2728 


21 


1843 


1913 


1983 


3063 


3126 


2197 


2270 


2344 


2419 


2496 


2572 


2660 


2729 


22 


1845 


1914 


1984 


3064 


2126 


2198 


2271 


2345 


2420 


2496 


2673 


2661 


2731 


23 


1846 


1916 


1986 


3056 


2127 


2199 


2272 


2346 


2422 


2498 


2676 


2663 


2732 


24 


1847 


1916 


1986 


3067 


2128 


2200 


2274 


2348 


2423 


2499 


2676 


2664 


2733 


26 


1848 


1917 


1987 


3068 


2129 


2202 


2276 


2349 


2424 


2600 


2577 


2666 


2736 


29 


1849 


1918 


1988 


3069 


2131 


2203 


2266 


2360 


2426 


2601 


2678 


2667 


2736 


27 


1860 


1920 


1990 


2060 


2132 


2204 


2267 


2351 


2427 


2503 


2680 


2658 


2737 


28 


1862 


1921 


1991 


2061 


2133 


2206 


2279 


2363 


2428 


2604 


2681 


2669 


2739 


29 


1863 


1922 


1992 


2063 


2134 


2207 


2280 


2364 


2429 


2506 


2682 


2661 


2740 


30 


1864 


1923 


1993 


2064 


2136 


2208 


2281 


2365 


2430 


2606 


2684 


2662 


2742 


81 


1866 


1924 


1994 


2065 


2137 


2209 


2232 


2356 


2432 


2608 


2686 


2663 


2743 


32 


1866 


1926 


1996 


2066 


2138 


2210 


2283 


2368 


2433 


2609 


2686 


2666 


2744 


88 


1867 


1927 


1997 


2067 


2139 


2211 


2286 


2369 


2434 


2610 


2688 


2666 


2746 


84 


1868 


1928 


1996 


2069 


2140 


2213 


2286 


2360 


2436 


2512 


2689 


2667 


2747 


86 


1360 


1929 


1999 


2070 


2141 


2214 


2287 


2361 


2437 


2513 


2690 


2669 


2748 


36 


1861 


1930 


2000 


2071 


2143 


2216 


2288 


2363 


2438 


2614 


2691 


2670 


2760 


87 


1892 


1931 


2001 


2072 


2144 


2216 


2290 


2364 


2439 


2616 


2693 


2671 


2761 


38 


1863 


1932 


2002 


2073 


2146 


2217 


2291 


2366 


2440 


2517 


2694 


2673 


2762 


39 


1864 


1934 


2004 


2076 


2146 


2219 


2292 


2366 


2442 


2618 


2696 


2674 


2764 


40 


1866 


1936 


2006 


2076 


2147 


2220 


2293 


2368 


2443 


2619 


2697 


2675 


2766 


41 


1866 


1936 


2006 


2077 


2149 


2221 


2295 


2369 


2444 


2621 


2698 


2676 


2766 


42 


1868 


1937 


2077 


2078 


2150 


2222 


2296 


2370 


2445 


2522 


2699 


2678 


2758 


43 


1869 


1938 


2008 


2079 


2151 


2224 


2297 


2371 


2447 


2523 


2601 


2679 


2759 


44 


1870 


1939 


2010 


2080 


2152 


2226 


2298 


2373 


2448 


2524 


2602 


2680 


2760 


46 


1871 


1941 


2011 


2082 


2153 


2226 


2299 


2374 


2449 


2526 


2603 


2682 


2762 


46 


1872 


1942 


2012 


2083 


2156 


2227 


2301 


2375 


2451 


2527 


2604 


2683 


2763 


47 


1873 


1943 


2013 


2084 


2166 


2228 


2302 


2376 


2452 


2628 


2606 


2684 


2764 


48 


1875 


1944 


2014 


2085 


2167 


2230 


2303 


2378 


2453 


2630 


2907 


2636 


2766 


49 


1876 


1946 


2015 


2086 


2168 


2231 


2304 


2379 


2454 


2531 


2608 


2687 


2767 


60 


1877 


1946 


2017 


2088 


2159 


2232 


2306 


2380 


2456 


2532 


2610 


3688 


8768 


61 


1878 


1948 


2018 


2089 


2161 


2233 


2307 


2381 


2457 


2533 


2611 


2690 


2770 


62 


1879 


1949 


2019 


2090 


2162 


2235 


2308 


2383 


2458 


2636 


2612 


2691 


2771 


63 


1880 


1960 


2020 


2091 


2163 


2236 


2309 


2384 


2459 


2536 


2614 


2692 


3773 


64 


1881 


1961 


2021 


2092 


2164 


2237 


2311 


2385 


2461 


2537 


2616 


2694 


3774 


65 


1883 


1962 


2022 


2094 


2165 


2238 


2312 


2386 


2462 


2638 


2616 


2696 


3775 


60 


1884 


1963 


2024 


2095 


2167 


2239 


2313 


2388 


2463 


2640 


2617 


2696 


3776 


67 


1885 


1955 


2025 


2096 


2168 


2241 


2314 


2389 


2464 


2641 


2619 


2698 


3778 


68 


1886 


1966 


2026 


2097 


2169 


2242 


2316 


2390 


2466 


2542 


2620 


2699 


3779 


69 


1887 


1967 


2027 


2098 


2170 


2243 


2317 


2391 


2467 


2544 


2621 


2700 


3780 


1 



TABLB IV. 



Meridianal Parts. 



97 



3030 
3031 
3033 
3034 



IF 



"MP 





1 
3 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 

20 
21 
22 
23 
24 
26 
26 
27 
28 
29 

30 
81 
32 
33 
34 
86 
36 
37 
38 
39 

40 
41 

42 
43 
44 
46 
46 
47 
48 
49 

60 
61 
62 
63 



"las- 



2782 
2783 
2734 
2786 
2787 
2788 
2790 
2791 
2792 
2794 

2796 
2797 
2798 
2799 
2801 
2802 



2806 
2806 
2807 

2809 
2810 
2811 
2813 
2814 
2816 
2817 
2818 
2820 
2821 



2824 
2826 
2826 
2828 



2830 
2832 
2883 
2834 



2837 



2840 
2841 
2843 
2844 
2846 
2847 
2848 

2849 
2861 
2862 
2864 



64 2866 

66 

66 

57 

68 

69 



2866 
2868 



2860 
2862 



4af> 



44° 

2863 2946 

2864 2947 



2866 
2867 



2870 
2871 
2873 
2874 
2876 

2877 
2878 
2880 
2881 



2884 
2886 
2886 
2888 



2891 
2892 
2893 
2896 
2896 
2897 



2900 
2902 
2903 

2904 
2906 
2907 



2942 
2943 



2949 
2960 
2961 
2963 
2954 
2956 
2967 
2958 

2960 
2961 
2963 
2964 
2966 
2967 
2968 
2970 
2971 
2972 

2974 
2976 
2976 
2978 
2979 
2981 
2982 
2983 
2986 



2989 
2991 

2908 2992 

2910 

2911 

2913 

2914 

2916 

2917 

2918 
2919 
2921 
2922 
2924 
2926 
2926 
2928 
2929 
2931 

2932 
2933 
2936 
2936 
2937 
2939 



2996 
2998 
2999 
3000 

3002 
3003 
3006 
2006 
3007 
3009 
3010 
3012 
3013 
3014 

3016 
3017 
3019 
3020 
3021 
3023 
2940 3024 



3026 
3027 



2944 3029 



3037 
3038 
3040 
3041 
3043 

3044 
3046 
3047 
3048 
3050 
3051 
3063 
3064 
3066 
3067 

3068 
8060 
3061 
8063 
3064 
3066 
3067 
3068 
3070 
3071 

8073 
3074 
3076 
3077 
3078 
3080 
3081 
3083 
3084 
3086 

3087 
3088 
3090 
3091 
3093 
3094 
3096 
3097 
3098 
3100 

3101 
8103 
3104 
3106 
3107 
3106 
3110 
3111 
3113 
3114 



4C0 
3116 
3117 
3118 
2120 
3121 
3123 
3123 
3126 
8127 
3129 

3130 
3131 
3133 
3184 
3136 
3137 
3139 
3140 
3142 
8143 

3144 
8146 
3147 
3149 
3150 
3152 
3163 
3165 
3156 
3157 

3159 
3160 
3162 
3163 
3165 
3166 
3168 
3169 
3171 
3172 

3173 
3175 
3176 
3178 
3179 
3181 
3182 
3184 
3185 
3187 

3188 
3190 
3191 
3192 
3194 
3195 
3197 
3198 



3201 



470 

3203 
8204 
8206 
3207 
3209 
3210 
3212 
3218 
3214 
3216 

3217 
8219 
3220 
8222 
3224 
3225 
3226 
3228 
3229 
3281 



3234 
3235 
8237 



3240 
3241 
3242 
3244 
3245 

3247 
3248 
3250 
3261 
3253 
3264 
3266 
3267 
3269 
3260 

3262 
8263 
8265 
3266 
3268 
3269 
3271 
3272 
3274 
3275 

3277 
3278 
3280 
3281 
3283 
3284 
3286 
3287 



3200 3289 



3290 



48° 
3292 



3296 
3298 



3301 
3302 
3303 
3305 

3306 
3308 
3309 
3311 
3312 
3314 
3316 
3317 
3319 



3322 



3325 
3326 
3328 



3331 
3332 
3334 
3335 

3337 
3338 
3340 
3341 
3343 
3344 
3346 
3347 
3349 
3360 

3352 
3353 
3356 
3366 
3358 
3359 
3361 
3362 
3364 
3365 

3367 
3368 
3370 
3371 
3373 
3374 
3376 
3378 
3379 
3381 



4»° 



3382 
8384 
3386 
3387 



3391 
3393 
3394 
3396 

8397 
3399 
3400 
3402 
8403 
3406 
3407 
3408 
3410 
3411 

3413 
3414 
3416 
3417 
3419 
3420 
3422 
3423 
3426 
3427 

8428 
3430 
3431 
3433 
3434 



3437 
3439 
3440 
3442 

3543 
3445 
3447 
3448 
3450 
3551 
3453 
3454 
3456 
3467 

3459 
3460 
3462 
3464 
3465 
3467 
3468 
3470 
3471 
3473J 



60° 
8474 
8476 
3478 
3479 
3481 
3482 
3484 
3486 
3487 
3488 

3490 
8492 
3493 
3496 
3496 
8498 
8499 
8501 
3603 
8504 

8506 
3507 
3609 
3510 
3512 
3514 
3516 
3617 
3518 
3520 

3621 
3523 
3526 
3526 
3528 
3529 
3531 
3532 
3534 
3536 

3537 
3539 
3540 
3542 
3543 
3546 
3547 
3548 
3550 
3561 

3553 
3555 
3556 
3558 
3559 
3561 
3562 
3564 
3566 
3667 



8570 
8572 
8578 
8576 
3677 
3678 
3680 
8682 



8686 
8586 
8588 
3590 
3691 
3593 
8594 
8696 
3598 
3599 

3601 
3602 
3604 
3606 
3607 
3609 
3610 
3612 
3614 
3615 

3617 
3618 
3620 
3622 
3623 
3625 



3630 
3631 



3634 



3639 
3641 
3643 
3644 
3646 
3647 

3649 
3661 
3652 
3664 
3666 
3657 
3659 
3660 
3662 
3664 



8670 
8672 
8673 
8676 
8677 
8678 
8680 

3681 



3690 



3701 
3703 
3704 
3706 
8706 
3709 
3711 
3713 

3714 
3716 
3717 
3719 
3721 
3722 
3724 
3726 
3727 
3729 

8731 
8782 
8734 
3736 
3737 
3739 
3741 
3742 
3744 
3746 

3747 
3749 
8760 
3762 
3764 
3755 
3767 
8759 
8760 



3764 
3765 
3767 



8870 
3770 8871 
8772 3878 
3774 8376 
3776 8877 
8777 3878 
3779 

3780 
3782 
3784 
3786 
3787 
8799 
8790 
3792 
8794 
3796 

3797 

3799 3901 

3800 3902 



8802 



3804 8906 



3806 
8807 
3809 
3811 
3812 

3814 
3816 
8817 
8819 
3821 
3822 
3824 
3826 
3827 



3881 
8832 
3884 



8841 
3843 
8844 
3846 



3861 
8868 
8864 
8866 



64° 



3886 



8890 
8892 
8894 
3896 
8897 



3904 



3907 
3909 
.8911 
3913 
3914 

3916 
3918 
3919 
3921 
8923 
8926 



8940 
3942 
8944 
8946 
8947 
8949 

8951 
8962 
8954 
3966 



3969 
3961 
386018963 



8861 



8964 



98 



llaridluial Parte. 



TABLBIY. 



TSS" 



M^ 



If^ 



"•58^ 



1^ 

4409 
4411 
4413 
4416 
4417 
4419 
4431 
4433 
4436 
4437 

4439 
4431 
4433 
4434 
4486 
4438 
4440 
4443 



15 

1 

3 
8 

4 
6 
6 
7 
8 
9 

10 
11 
13 
18 
14 
16 
16 
17 
18 
19 

30 
31 
33 
33 
34 
36 
36 
37 



80 
81 
83 
88 
34 
36 
36 
37 
88 
89 

40 
41 
43 
43 
44 
46 
46 
47 
48 
49 

60 
61 
63 
63 
64 
66 
66 
67 
68 
69 



8970 
8871 
8978 
8976 
8977 
8978 



8984 



8967 



8991 
8998 
8994 



4001 

4003 
4006 
4006 



4008 
4010 
4013 
4014 
4016 
4017 
4019 

4031 
4033 
4034 
4036 
4038 
4039 
4031 
4033 
4036 
4037 

4038 
4040 
4043 
4044 
4046 
4047 
4049 
4061 
4062 
4064 

4066 
4068 
4060 
4061 
4063 
4066 
4067 
4069 
4070 
4073 



4074 
4076 
4077 
4079 
4061 
4083 
4066 
4066 
4068 
4080 

4093 
4094 
4096 
4097 
4099 
4101 
4103 
4104 
4106 
4106 

4110 
4113 
4113 
4116 
4117 
4119 
4131 
4133 
4134 
4136 

4138 
4130 
4133 
4133 
4136 
4137 
4139 
4141 
4143 
4144 

4146 
4148 
4160 
4153 
4163 
4166 
4167 
4169 
4161 
4163 

4164 
4166 
4168 
4170 
4173 
4173 
4176 
4177 
4179 
4181 



4183 
4184 
4186 
4188 
4190 
4193 
4194 
4196 
4197 
4199 

4303 
4303 
4306 
4307 
4308 
4310 
4313 
4314 
4216 
4318 

4330 
4331 
4333 



4337 
4329 
4331 
4332 
4334 
4336 

4338 
4340 
4343 
4344 
4346 
4347 
4349 
4361 
4263 
4266 

4367 
4269 
4360 
4363 
4364 
4366 
4268 
4270 
4272 
4274 

4376 
4277 
4379 
4281 
4283 
4286 
4287 



4291 
4292 



4394 
4396 
4398 
4300 
4303 
4804 
4306 
4306 
4309 
4311 

4818 
4816 
4317 
4819 
4831 
4333 
4836 
4337 
4338 
4330 

4333 
4334 
4336 
4338 
4340 
4343 
4344 
4346 
4347 
4349 

4361 
4363 
4366 



4367 
4369 
4361 
4363 
4366 
4367 



4370 
4372 
4374 
4376 
4378 
4380 
4382 
4384 
4386 
4388 

4390 
4392 
4394 
4396 
4398 
4399 
4401 
4403 
4406 
4407 



4446 

4448 
4460 
4468 
4464 
4466 
4468 
4460 
4468 
4464 
4466 

4468 
4470 
4478 
4474 
4476 
4478 
4480 
4482 
4484 
4486 

4488 
4490 
4492 
4494 
4496 
4497 
4499 
4601 
4603 
4606 

4607 
4609 
4611 
4613 
4616 
4617 
4619 
4621 
4623 
4626 



eo^ 



4687 
4629 
4631 
4633 
4636 4667 



4637 
4639 
4641 
4643 
4646 

4647 
4649 
4661 
4663 
4666 
4667 
4669 



4670 
4672 
4674 
4676 
4678 
4680 
4682 
4662 4684 



4664 



4666 4689 



4668 
4670 
4672 
4674 
4676 
4678 
4680 
4682 
4684 
4686 

4588 
4690 
4692 
4694 
4696 
4698 
4600 
4602 
4604 
4606 

4608 
4610 
4612 
4614 
4616 
4618 
4620 
4623 
4626 



4631 
4633 
4636 
4637 
4639 
4641 
4643 
4646 
4647 



61° 
4649 
4661 
4663 
4666 



4660 



4664 



4687 



4691 
4693 
4696 
4697 
4699 
4701 
4703 
4706 
4707 
4710 

4712 
4714 
4716 
4718 
4720 
4722 
4724 
4726 
4728 
4731 

4733 
4736 
4736 
4739 
4741 
4743 
4746 
4747 
4760 
4762 

4764 
4766 
4768 
4760 
4762 
4764 
4766 
4769 
4771 
4773 



4776 
4777 
4779 
4781 
4784 
4786 
4788 
4790 
4792 
4794 

4796 
4798 
4801 
4806 
4808 
4807 
4809 
4811 
4814 
4816 

4818 



4822 
4824 
4826 



4831 
4833 
4836 
4837 

4839 
4842 
4844 
4846 
4848 
4860 
4862 
4866 
4867 
4869 

4861 
4863 
4866 
4868 
4870 
4872 
4874 
4876 
4879 
4881 

4883 
4886 
4887 
4890 
4892 
4894 
4896 
4898 
4901 
4903 



4906 
4907 
4909 
4912 
4914 
4916 
4918 
4920 
4923 
4926 

4937 
4939 
4931 
4934 



4940 
4943 
4946 
4947 

4949 
4961 
4964 
4966 
4968 
4960 
4963 
4966 
4967 
4969 

4972 
4974 
4976 
4978 
4961 
4983 
4986 
4987 
4990 



4994 
4996 



6001 
6003 
6005 
6008 
6010 
6012 
6014 

5017 
6019 
6021 
6023 
6026 
6028 
6030 
6033 
6036 
6037 



64° 



6039 
6043 
6044 
6046 
6049 
6061 
6063 
6066 
6068 
6060 

6062 
6066 
6067 



6069 5210 



6071 



6074 6214 
6076 6217 



6078 
6081 
6063 

6085 



6068 5229 



6090 
6092 
6095 
6097 
5099 
6102 
6104 
5106 

5106 
6111 
6113 
6116 
5118 
6120 
5122 
6125 
6127 
5129 

5132 
6134 
6136 
5139 
5141 
5143 
5146 
5148 
5151 
6163 

6155 
6158 
5160 
5162 
5165 
6167 
5169 
5172 
6174 
6176 



6179 
6181 
6184 
6186 
6188 
6191 
6193 
5196 
6198 
6200 

6203 
5206 
5207 



6313 



6219 
6222 
6224 

6226 



6231 
6234 
6236 
6238 
6241 
6243 
5246 
6248 

6250 
5263 
5266 
6268 
6260 
5263 
6265 
6267 
6270 
6272 

5275 
5277 
5280 
5282 
5284 
6287 
5289 
6292 
6294 
5297 

5299 
6301 
5304 
5306 
5309 
6311 
5314 
6316 
6319 
6331 



eep 



6324 
6326 
6328 
6331 
6333 
6336 
6338 
6341 
6343 
6346 

6348 
6361 
6363 
6366 
6368 
6361 
6363 



6371 

6373 
6376 
6378 
6380 
6383 
6386 
6388 
5390 
5393 
6396 

6398 
5401 
5403 
5406 
6406 
6411 
6413 
6416 
6418 
6421 

6423 
6426 
6428 
5431 
6433 
5436 
5438 
5441 
5443 
6446 

5448 
6451 
5464 
6466 
6468 
6461 
6464 
6466 
6469 
6471 



6474 
6477 
6479 
6483 
6484 
6487 
6489 
6498 
6496 
6497 

5600 
6603 
6606 
6607 
6610 
6613 
6616 
6618 
6520 
6523 

5626 
6628 
6631 
6633 
6636 
6639 
6541 
6644 
6546 
6649 

5562 
5564 
5567 
5669 
6562 
6565 
6567 
6670 
6573 
6676 

6678 
6580 
6683 
6586 
5588 
5591 
5594 
5596 
6599 
6602 

6604 
5607 
6610 
6612 
6616 
6617 
6620 
6623 
6626 
5628 
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/ 


5631 


6795 


1(P 

OstDO 


71° 
6146 


72P 
6336 


78° 
6634 


740 
6746 


76° 
6970 


7eP 
7210 


770 
7467 


78° 
7745 


ygo 


80° 
8376 




8046 




1 


6633 


5797 


6969 


6149 


6838 


6638 


6749 


6974 


7214 


7472 


7749 


8061 


8381 




3 


5636 


5800 


6972 


6152 


6341 


6541 


6753 


6978 


7218 


7476 


7764 


8066 


8387 




8 


5639 


5803 


6975 


6166 


6346 


6645 


6757 


6982 


7222 


7481 


7769 


8061 


8393 




4 


5642 


5806 


6978 


6158 


6348 


6648 


6760 


6986 


7227 


7486 


7764 


8067 


8396 




6 


6644 


6809 


6981 


6161 


6361 


6652 


6764 


6990 


7231 


7490 


7769 


8072 


8404 




6 


5646 


5811 


6984 


6164 


6364 


6555 


6768 


6994 


7235 


7494 


7774 


8077 


8410 




7 


6650 


5814 


6986 


6167 


6358 


6668 


6771 


6997 


7239 


7498 


7778 


8063 


8416 




8 


5652 


5817 


6989 


6170 


6361 


6662 


6776 


7001 


7243 


7603 


7783 


6068 


8423 




9 


6665 


5820 


6992 


6173 


6364 


6665 


6779 


7005 


7247 


7607 


7788 


8093 


8427 




10 


6658 


6823 


6996 


6177 


6867 


e669 


6782 


7009 


7262 


7612 


7793 


8099 


8433 




11 


6660 


6825 


6998 


6180 


6371 


6672 


6786 


7013 


7266 


7616 


7798 


8104 


8439 




12 


5663 


6828 


6001 


6183 


6374 


6676 


6790 


7017 


7260 


7621 


7803 


8109 


8446 




13 


0000 


5831 


6004 


6186 


6377 


6679 


6793 


7021 


7264 


7525 


7808 


8115 


8461 




14 


5668 


5834 


6007 


6189 


6380 


9583 


6797 


7026 


7268 


7530 


7813 


8120 


8467 




16 


5671 


6837 


6010 


6192 


6384 


6686 


6801 


7029 


7273 


7635 


7817 


8125 


8463 




16 


5674 


6839 


6013 


6195 


6387 


6690 


6804 


7033 


7277 


7439 


7821 


8131 


8469 
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